THE JOURNAL OF 
ENGINEERING 
EDUCATION 


VOLUME 37 NuMBER 8 








Contents for April, 1947 


MINNESOTA, VACATION LAND 


PHILosoPHY OF HuUMANISTIC-SocIAL STUDIES IN ENGINEERING EDUCA- 
TION. Edwin S. Burdell 


NoTEs ON THE PuiLosopHy oF Stress ANALysIsS. L. T. Wyly 
PROJECTIONS OF A RotaTING Vector. L. E. Ritter 


CoorDINATION OF TEACHING IN PHysics AND ENGINEERING MECHANICS. 
W. H. Michener 


REporT ON MATHEMATICS PREPARATION FOR ENGINEERING COLLEGES. 
H. Miller and S. G. Roth .. 


“PREVENTIVE MEDICINE” IN ENGINEERING EpucaTION. G. W. Reid .... 


QUALIFICATIONS FOR PROFESSIONAL POSITIONS IN APPLIED MATHEMATICS 
AND RELATED SCIENTIFIC Fietps. R.S. Burington and D.C. May .. 


WuatT THE ELECTRICAL ENGINEERING DEPARTMENT NEEDS FROM THE 
DRAWING DeparTMENT. W. A. Lewis 


Some ASPECTS OF ENGINEERING EDUCATION IN SoUTH AMERICA EspPE- 
CIALLY IN UruGuay. S. Gerssonowicz 


New MEMBERS 
SEcTIONS: ALLEGHENY 


CoLitece Notes 





Published monthly (except during July and inder ties at Prince and Lemon Sts., Lancaster, Pa., by the 
American Society for Engineering Education u: Supervision of the Publication Committee: F. L. 
Bishop, Chairman, University of gee os pa Rogers, and H. O. Croft. Entered as second class 
matter, October 17, 1912, at the Ofie> ‘at mcaster, Pa., under the Act of August 12, 
1912. Subscription Price, $3.00 per a Single Copies, 50 cents. 




















THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
OFFICERS 1946-47 


President 


Huser O. Crort, State University of Iowa, Iowa City, Iowa 


Vice President, 1 year 
(In charge of general and regional activities) 
Eare B. Norris, Virginia Polytechnic Institute, Blacksburg, Va. 


Vice President, 2 years 
(In charge of instructional division activities) 
C. J. Freunp, University of Detroit, Detroit, Mich. 


Vice President, 1 year 
(Engineering College Administrative Council) 
J. R. Kitiran, Massachusetts Institute of Technology, Cambridge, Mass. 


Vice President, 2 years 
(Engineering College Research Council) 
F. M. Dawson, State University of Iowa, Iowa City, Iowa 


Secretary 


F. L. Bisnop, University of Pittsburgh, Pittsburgh 13, Pa. 


Treasurer 


J. S. Taompson, McGraw-Hill Book Co., New York 18, N. Y. 


Assistant Secretary 
Nett McKenry, University of Pittsburgh, Pittsburgh 13, Pa. 


Headquarters 


UNIVERSITY OF PitrsBurGH, Pittsburgh 13, Pa. 


55th Annual Meeting 
MINNEAPOLIS, MINN., June 18-21, 1947 


Host 


UNIVERSITY OF MINNESOTA 


2 





DUCATION 


lowa 


rg, Va. 


dge, Mass. 


Iwa 


Pa. 


N. 


ree 








Want a vacation where the fish bite 
alike on the schoolboy’s worm or .the 
elegant tackle of the complete sport- 


man? 


Want to take a dip in any one of 
Minnesota’s 11,324 sparkling lakes ; or 
drive leisurely over more than 11,000 





Minnesota— Vacation Land 





miles of scenic highways, or enjoy a 
friendly game of golf on any one of the 
state’s 250 resort courses? Or how 
about a hiking trip through a cool, pine- 
scented Northern forest or a canoe trip 
into the primeval wilderness of Minne- 
sota’s north country? Vacation by 
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PrincrpAL HicHwAyYs AND Resort CENTERS—are located on this map of Minnesota, 
vacation wonderland of the north country. 
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586 MINNESOTA—VACATION LAND 
plane, train or motor for happy, con- members of the American Society for 
tented hours in this Northern wonder- Engineering Education who will attend | , 
land, for living is good in Minnesota. the annual meeting June 18-21, at the | , 
: P 
, t! 
t 
d 
Pp 
g 
THe GRANDEUR OF THE HicoH Fatts—on Pigeon River on the Canadian border Si 
can be seen during your vacation in the Minnesota northern wonderland of 
cathedral-like forests, sparkling lakes and rippling rivers. Si 
S 
Come a week or two early, if youcan, University of Minnesota in Minneapo- | tt 
to Minnesota, “Land of the Sky-Tinted lis. If time permits, linger awhile after | jr 
Waters” with its friendly, hospitable the convention and enjoy yourself in | r, 
people who are waiting to welcome this summer wonderland. g 
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The summer days are long in Minne- 
sota, long enough to enjoy even a short 
vacation among the state’s ten thousand 
lakes full of muskies, pike, trout, and 
pan fish; boundless game-filled forests, 
thrilling scenic highways, and canoe 
trails of the pioneers. 

See the grandeur of Lake Superior’s 
North Shore, and enjoy the clear, tem- 


eal * 
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For those who hike and ride for their 
principal entertainment, there are miles 
of leafy, sun-speckled trails where time 
is unimportant and space is limitless. 
Sailing in Minnesota, for those who 
care for the heightened exhilaration of 
the race, will offer enthusiasts new 
thrills. On the skimming dish type of 
double center-board boats of the fa- 


A Canoe Trip—to the painted rocks on Lac LaCroix can be an adventure 
highlight during a memorable vacation in Minnesota, land of Paul Bunyan and 


his great blue ox. 


perate, invigorating summer air. You 
get the most out of a vacation in Minne- 
sota, for the state has everything. 
Children will revel in the wide, 
sandy beaches of Minnesota lakes. 
Sand castles can be built as fanciful as 
those of Oz, or the small ones can splash 
in the sun-warmed waters while the soft 
rays of the Northern sun turn them into 
golden brown Indians. 





mous E and C classes, the crews some- 
times balance on the hull and often on 
the center board itself in the heat of 
the race. Every minute is packed with 
adventure and when the sail is furled, 
even the beginner is a fresh-water salt. 

And one of the most convenient 
things about vacationing in Minnesota 
is the fact that vacation costs always 
have been and today remain reasonable 
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in the state. Regardless of your bud- 
get, there is an outing to fit it. 

Most resorts are located on lovely 
lake shores where you can make the 
most of the restful surroundings, mag- 
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tennis courts and other outdoor sports 
are available at many resorts, and golf 
courses are usually accessible even in 
the remote counties. 

Housekeeping cabins are available 





Att You Neep—for a wonderful walking trip along any one of 
many magnificent Minnesota trails can be packed in a single 
rucksack. Minnesota forests, lakes and rivers erase the cares of 
the city and allow the vacationist to return to his tasks refreshed 
and exhilarated. 


nificent scenery and a fine summer cli- 
mate, of an average 68.3 degrees. 
Resort accommodations depend upon 
your demands. They run from $4 a 
day and up on the American plan. 
Supervised recreation, riding stables, 


at many resorts, and the costs depend 
upon the size and luxuriousness you 
require, but they run as low as $21 per 
week. Usually completely furnished, 
including cooking utensils, china and 
silverware, the cabins are, for the most 
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part, conveniently located for obtain- 
ing ice, milk and groceries. 

Cabin camps, auto courts and trailer 
parks are also located throughout the 
lake country, with prices ranging up- 
wards from less than $1 a day. 

If you a plan a sightseeing trip 
through the state, you can still find In- 
dians living in Minnesota; and the 
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lunge draped on your back. They are 


. plentiful in many Minnesota lakes, and 


run into tens of pounds. Not quite so 
ferocious but still bundles of explosive 
energy are the bass, the wall-eyed pike 
and other fish of the northern waters. 

The whitefish and lake trout of Lake 
Superior are other favorites of the 
anglers, and there is nothing tastier 





How Woutp You LixEe—to hook one of these explosive packages of fins and 


gills up at Brule Lake, Minnesota. 


This lucky angler is removing the hook from 


only an average sized lake trout to be had in Minnesota’s northern waters. 


signs of their earlier glory are to be 
found scattered across the land. In 
the southwest, near Pipestone, are the 
quarries where the red stone of peace 
pipes was cut and shaped, and every- 
where within the state the fish leap 
in the glittering lakes. 

You'll know you've been in a battle 
when you finally step ashore with a 
giant great northern pike or muskel- 





than one of these delicately flavored 
fish baked with a few strips of bacon 
and served piping hot. 

If you are a member of the fly-rod 
fraternity, there are streams where you 
can match your skill against the caprice 
and elusiveness of the brook trout. And 
lake trout can be hooked in any number 
of northern lakes including Superior 
and Trout Lake, a little south of famous 
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Rainy Lake on the Canadian border. 

Among the northern trout streams 
offering the wily gamesters are the St. 
Croix River, streams along the North 
Shore and the Pine County streams. . 
In the south the White Water and 
Root rivers can be counted on for 
long hours of excellent fishing. 

For lake fish, you can hook pan fish 
in any of Minnesota’s lakes; pike at 
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cense is $3. Licenses may be obtained 
from county auditors, hardware, sport- 
ing goods stores and at resorts. 

And when you are tired of fishing, 
try any one of the 250 golf courses lo- 
cated throughout the state. Minne- 
apolis alone has a dozen or more with- 
in and just outside the city limits. 
Many resorts in the state have world- 
famous courses on their own grounds, 


“Tuckep Away—on the shores of one of Minnesota’s 11,324 crystal-clear lakes 
is a comfortable log cabin just waiting for a group of vacationers to make use 


of it. 


Mille Lacs, Long Lake, Crooked Lake 
and many of the northern lakes in the 
state; and the battling muskies in Cass 
Lake, Leach Lake, Rainy Lake and 
Lake of the Woods. 

Visitors from other states may obtain 
a family bargain license at $4.50 which 
permits man, wife and accompanying 
children under 16 years to fish. The 
individual visitor or non-resident li- 


Anyone attending the convention who 
desires to play golf will find the con- 
vention golf committee all set to make 
the necessary arrangements. 

One important precaution to take 
when planning a Minnesota vacation 
is to write in advance for reservations 
at the resort of your choice. Informa- 
tion concerning resorts and recreation 
they offer may be obtained by writing 
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to the Minneapolis Chamber of Com- 
merce, or the Gateway Tourist’s Bu- 
reau in Minneapolis, or the Minne- 


SAILING 1s A Must—in Minnesota, whether you prefer the small catboat, the 
racy C and E class boats, or whether you’re a motor man. During the annual 
Minneapolis Aquatennial, sea-sled motorboat races are held on beautiful Lake 
Calhoun within the lovely residential district of Minneapolis. 


sota State Tourist Bureau, State Capi- 
tol, St. Paul 1, Minnesota. 

Even if you must confine your rec- 
reational activities to the immediate 

























convention area, you will find Minne- 
apolis a summer sports playground 
and cultural center. The city’s eleven 


lakes and 141 parks make up a 60 
million dollar park system unequalled 
anywhere in the United States. 

All the outdoor summer sports, 


swimming; boating, picnicking, golf, 
riding, and even fishing can be en- 
joyed within the city limits. Or visits 
to the University of Minnesota’s art 


galleries, its museum of natural history, | 


the Walker Art Gallery, and the In- 
stitute of Art in Minneapolis, can sup- 
plement the visitor’s enjoyment. 

The milling center of the world in 
Minneapolis can be seen in stately 
grandeur along the banks of the Missis- 
sippi; and Minnehaha Falls, famed in 
story and Indian legend, are located in 
Minnehaha Park. 

Other interesting and historical sites 
are the Sibley House in Mendota, home 
of Henry H. Sibley, governor of the 
historical American Fur Company and 
a leader in the political activities that 
made Minnesota a state in 1858, and 
Lake Minnetonka, one of Minnesota’s 
most popular suburban resorts, with its 
110 miles of shoreline, just 12 miles 
west of the city. 

St. Paul is the Capitol City and a 
great transportation center. Visitors 
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can spend many hours of pleasant in- 
vestigation in the Minnesota state 
capitol and the Minnesota Historical 
Society’s museum. 

For those who have time to visit 
Duluth, at the head of the Lakes, they 
will see literally millions of tons of ore 
and wheat being shipped to all parts of 
the world. 

No matter how long you find you 
can spend in Minnesota you have a 
choice of metropolitan entertainment, 
summer sports, or the quiet scenic en- 
joyment of the state parks and both 
national and state forests. Among 
these famous beauty spots are Lake 
Itasca, the source of the Mississippi, 
the Dalles of the St. Croix, and the 
Superior National Forest, embracing a 
million acres of primeval lakes and for- 
ests in the northern part of the state. 

Those who spend any part of their 
vacation time in Minnesota will find 
the state speaks the language of youth 
which says that life is good today and 
will be better tomorrow. 
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The Philosophy of Humanistic-Social Studies in 
Engineering Education * 


By EDWIN S. BURDELL 
Director of The Cooper Union 


I 
INTRODUCTION 


When General Eisenhower was 
given the honorary degree of Doctor of 
Laws at the University of Richmond 
last March, he said after the award: 


“T am sure I speak for the 3,000,000 
Americans who fought in Europe when 
I say that their deepest hope for the 
future is that their sons will not have to 
undergo similar experiences. 

“Veterans of this war are demanding 
the highest type of leadership to prevent 
this. They are looking to educational in- 
stitutions to provide that leadership, but 
colleges and universities—our whole edu- 
cational system—must go beyond produc- 
ing the best doctors, or lawyers or engi- 
neers. Peoples must learn to live in 
peace with other peoples whose basic 
philosophy of life is different from their 
own.” 


Here is a challenge which no teacher 
in this room can ignore and, therefore, 
it is my purpose to discuss with you 
how and why humanistic-social studies 
can contribute that “plus” factor in en- 
gineering education which the en- 
lightened citizens of our country are de- 
manding. The humanistic-social stem 
of engineering education may be offered 
primarily in the form of facts and 
figures, drills, discussions, and exer- 
cises. But unless the basic philosophy 


* Presented at the 54th annual meeting, 
S.P.E.E., St. Louis, June 20-23, 1946. 
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behind the program is well thought 
out and thoroughly understood by ad- 
ministrator, teacher, and student, the 
subject matter in and of itself will not 
work the miracle that needs to be 
worked to produce engineering gradu- 
ates in the future who will have that 
breadth and depth of vision and that 
tolerance to which General Eisenhower 
refers. The problem of reconversion 
in industry is something more than 
one of re-tooling; reconversion in en- 
gineering education is considerably 
more than the addition or subtraction 
of courses. 
II 
Tue Drivinc Force—SciENTIFIC 
HuMANISM 


It is my obligation, therefore, to de- 
fine as briefly and as clearly as pos- 
sible what the driving force of the edu- 
cational program of the engineering 
schools of the future is likely to be, 
namely Scientific Humanism. 

I say Scientific Humanism advisedly, 
for the humanism of the past was too 
often identified with a pedantry more 
concerned with dead letters than with 
the exploration of nature and human 
nature. Indeed “humanism” has some- 
times been so concerned with the “hu- 
manities” that it has actually been an- 
tagonistic to as well as ignorant of 
science. But today no department of 
human thought—from the fine arts to 
the social sciences—can flourish without 
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association with the exact sciences. A 
significant word or phrase does not 
come into use by accident but emerges 
out of a cultural situation. It is cer- 


tainly more than a coincidence that. 


George Sarton, the great historian of 
science to whom I am especially obli- 
gated, has used the phrase scientific 
humanism for many years. The late 
Professor Barry closed his stimulating 
book “The Scientific Habit of Thought” 
with a chapter on scientific humanism 
and Lancelot Hogben, the English bi- 
ologist immersed in mathematics on 
the one hand and philosophy on the 
other, began his monumental syn- 
thesis “Science for the Citizen” with 
a preface on the meaning of scientific 
humanism. It is no coincidence that 
Whitehead who began as a mathema- 
tician and philosopher of the physical 
sciences grew into the great humanist 
of “Aims of Education,” “Science and 
the Modern World,” and “Adventures 
of Ideas.” 

When one listens to these learned 
men, it becomes obvious that one can- 
not be a good citizen or even a good 
scientist not to mention a good engineer 
without understanding that the sci- 
entific must be humane, and the hu- 
mane scientific. 

Scientific Humanism means a mar- 
riage of science and the accumulated 
culture of the past; it cannot tolerate 
separate disciplines moving along paral- 
lel lines in accepted grooves of de- 
partmentalization. Scientific Human- 
ism is a fusion, a synthesis of science, 
art, and philosophy, a union out of 
which is born the intellectual life of the 
future. 

The product of this educational phi- 
losophy will be not merely an engineer 
but a well-rounded man who has intel- 
lectual associations with fields other 
than his own. 


PHILOSOPHY OF HUMANISTIC-SOCIAL STUDIES 




































He will be liberal, feared both by the 
reactionary and the radical, because 
he will believe in and protect the essen- 
tial dignity of the individual. He will 
observe those three values which are 
basic to science as well as to democ- 
racy; freedom of speech, freedom of 
action, freedom for experimentation. 
He will have faith in the ability of 
people to work out their own solutions 
to problems. He will aim to preserve 
our democratic society because his edu- 
cation has made him both a citizen and 
a scientist. 

The scientific humanist as a citizen 
and as a member of a profession will 
put into practice the “Canons of Ethics 
For Engineers” so ably phrased by our 
distinguished colleague, Dugald C. 
Jackson, and he will observe especially 
the following canon: “The engineer will 
interest himself in the public welfare 
and be ready to apply his special knowl- 
edge, skill, and training for the benefit 
of mankind.” 

Scientists and engineers now have 
the terrifying responsibility of con- 
trolling atomic energy. Whether com- 
mercial applications come in the next 
year or in the next generation, the 
fabrication and detonation of the atom 
bomb last summer put the world into 
a short-sheeted bed. Never again can 
we pull the covers up overt our heads. 
We are faced with the stark alterna- 
tive of one world or no world. Unless 
the art of human relationships is per- 
fected very quickly, we shall find it 
difficult to live on the same planet with 
the terrible products of scientific re- 
search and engineering development 
stimulated by the exigencies of war. 
Bacterial warfare, jet-propelled planes, 
and guided missiles are but a few of 
the weapons with which we must learn 
to cope, and we must learn fast! 

Along with our technical skill we 
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must have wisdom, but wisdom, ulti- 
mately the product of experience, can 
be possessed only by men and women 
who have been educated as well as 
trained. To be wise is to know how to 
be tolerant, magnanimous, and sympa- 
thetic with peoples and cultures other 
than our own. We can achieve these 
qualities in part by showing students 
how to withhold criticism until essen- 
tial facts are known; how to withhold 
action until consequences are studied ; 
how to withhold judgment until all 
values, human as well as material, are 
assessed. No doubt the way for these 
humanistic qualities is prepared by that 
scientific suspension of judgment which 
is the foe of dogmatism and bigotry. 
But mere suspension of judgment about 
another person or about a people is not 
in itself sympathy or understanding. 
There is needed further positive sci- 
entific inquiry but it must be enriched 
by contact with the humane arts and by 
association with teachers who in this 
sense are artists. 

The student educated in a liberal as 
well as a scientific atmosphere wiil act 
as a brake if not a preventive to pres- 





sure groups having their ruthless way. 
He will be neither pro-labor nor anti- 
labor. His role in society will be con- 
tantly changing; as the possessor of 
the know-how of our industrial ma- 
thine, he will be the servant of none 
and the champion of all. 

We hope that the engineering stu- 
dents of the future will carry over the 
methods of science that they have 
karned in classroom and laboratory 
into the problems of social relations, 
always allowing, of course, for the fact 
that society is neither a classroom nor 
2 laboratory. We expect that an in- 
egration of the sciences and the hu- 
manities will make our students less 
susceptible to the prevailing shibboleths, 
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clichés, and slogans regarding races, 
creeds, and political programs. Granted 
that stereotyped reactions are easier 
and apparently swifter than the sci- 
entific habit of thought, they are in- 
finitely more dangerous than ever be- 
fore. 


III 
LEVELS oF DiIscouRSE 


We all recognize that one of the 
great stumbling blocks to achieving a 
unity in our educational program is the 
fragmentation and departmentalization 
of learning. This seems to be an un- 
avoidable consequence of the pursuit 
of knowledge. Our college staffs are 
composed of specialists, some of whom 
have achieved fame by research into 
a minute aspect of a whole field. Is it 
not absurd then to expect an under- 
graduate to see the whole in terms of 
its parts when he is exposed in most 
classes to those minds who are con- 
cerned with the minutiae of a subject? 
What is needed are teachers who are 
not only masters of their subject and 
lucid expositors but in addition are 
quick to see the inter-relationships be- 
tween fields of learning as well as able 
to excite the student’s interest in any 
one of them. This is not to say that I 
believe that physics teachers should 
teach English or that deans of engineer- 
ing should teach philosophy any more 
than that English teachers or philoso- 
phers should be expected to teach 
physics or run the college of engi- 
neering. 

When a solution to an engineering 
problem is being sought, the engineer 
uses the scientific level.of discourse 
appropriate to his problem; he uses sci- 
entific instruments made for the ex- 
press purpose of measuring and test- 
ing the materials with which he works. 
If the civil engineer is faced with a 
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problem in hydraulics, he does not look investigation, no one frame of refer.| lib 
for his answer in poetry or in art; he ence, whether it be chemical, biological, | set 
turns to the investigations of other sci- or psychological, can know all or de-Jist 
entists, to the instruments of his labora- scribe all. gui 
tory, etc. But similarly, if the engineer, Humanistic studies make available a} 
as a member of a social community, is level of discourse appropriate to per-| ea 
faced with a problem in social dynamics, _ sonal and social problems which cannot] sch 
he does not turn to the findings of his be solved at any other level, even}— 
laboratory, but rather to the methods though they may be related to all other] 20 
and content of the social sciences. Each levels, and even though all the levels} its, 
problem draws its knowledge from may be drawn into relationship by the} 10 
many levels, each integrated with the problem. nei 
other, but neither problem may be IV pot 
solved solely at a level of discourse in- 
appropriate to it. This may seem like 
the most common common sense. But 
observe how often not only the engineer It is a mistake to assume that all 
but the non-professional layman will problems can be solved at a single level 
attempt to build his entire philosophy of discourse; it is also a mistake to as-] ] 
on a single set of principles drawn from sume that the humanities can be ap phy 
a single level of organization. Alllevels proached only through the history off ge 
are used on occasions, but they must _ science and engineering or taught only} sor 
not be confused, nor one substituted through especially prepared texts suchfig, 
for another. as “English for Engineers,” “Econom] ] 
Man, and especially man in society, ics for Engineers,” etc. In the first} ma 
cannot be talked about solely in terms place, it is misleading to the student} eng 
of his chemical composition, any more and promotes rather than minimizes} sq 
than he can be talked about or known the unfortunate notion of fragmentafeng 
as a complete organization solely at the tion of learning. If we wish the engrffey 
level of the biological sciences. More- neering student to participate in the} ct 
over, as Arthur Koestler says* in whole fabric of our culture, then di typ 
“The Yogi and the Commissar” : visive terms as well as segregated sub-forc 
ject matter must be avoided. There isfof, 
courage and self-sacrifice to the psycho- ow danger involved - presenting int: 
logical level of masochism, the death in- the student with but a single point offis ; 
stinct, etc., is a process analogous to the View, a single method of critical analy-|to9 
reduction of live organisms to their sis, a single level of discourse. Tf the} the 
chemical components. For on the socio- student is trained to see his whole tip 
logical level the individual emerges as world, every department of his andl 
part of a new whole, and the integrative others’ behavior, all problems—pet-fric 
relations on this level are once more sonal, social, and technological alike-] , 
specific and irreducible.” solely from the technological point ofsy, 
Man in society is so extremely com- view, his analyses will be warped and 
plex an organization, .different as a prejudiced. 
whole from any part or from the mere In the second place, it is a mistake to 
sum of the parts, that no one method of assume. that the engineering studenifos 
* Macmillan, 1945, p. 241. has an interest in and aptitude fof 
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liberal studies only when they are pre- 
sented technologically. His antagon- 
ism, if any, to English, foreign lan- 
guages, and social studies is likely to 
be a carry-over from the indifferent 
teaching of these subjects in high 
shool. Also there is a mistaken notion 
—all too prevalent—that if a boy is 
good in and likes mathematics or phys- 
ics, he must necessarily be poor in and 
not like English or history. Actually, 
neither statistics nor observations sup- 
port this negative correlation. 


Vv 


OsyJECTIVES, SUBJECT MATTER, AND 
SEQUENCE 


In addition to discussing the philoso- 
phy of the humanistic-social stem, it 
sems to me that I should give you 
some idea of what I have in mind as 
to objectives and content. 

Humanistic studies, if they are to 
make their maximum contribution to 
gineering education, must be con- 
sidered in relation to the sum total of 
engineering education. During the past 
few years, faculties of many engineering 
schools have had to face many different 
types of curricular and methodological 
problems. How much and what kind 
of courses and subject matter should go 
into the humanistic-social stem? What 
is the purpose of this stem? Is there 
too much engineering specialization at 
the expense of basic scientific prin- 
tiples? How much and what kind of 


t of his anifintegration should occur in the cur- 


roblems—per- 
logical alike— 
gical point of 


ticulum ? 
Answers to these questions, if an- 





e warped and 
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swers are possible at all, can be obtained 
only after the formulation of a common 
goal for engineering education. An ex- 
plicit statement of what the sum total 
of engineering education should be 
would serve as a frame of reference 
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within which is sought solutions to in- 
structional problems. 

The goal of engineering education 
can be stated in terms of its graduate. 
The engineer, as a member of a demo- 
cratic society, is a valid point of de- 
parture in formulating a definition of 
the desirable graduate. Stated more 
specifically, this means that the engineer 
should participate effectively in a ra- 
tional and democratic solution of tech- 
nical, personal, and social problems. 
This basic postulate reveals that the 
scientific and humanistic aspects of 
engineering education are really one. 
It is the basis for the solution of the 
whole problem of engineering educa- 
tion. 

This point of departure leads to two 
inescapable conclusions: first, that the 
single over-all goal of engineering edu- 
cation is the development of a problem- 
solving ability: I don’t mean by prob- 
lems the exercises which are found at 
the end of the chapter or end of the 
text, but the broader knotty hurdles 
which each new day brings and which 
are to be overcome before the day ends. 
Secondly, the subject matter to be 
dealt with in the curriculum as a whole 
should be determined directly by the na- 
ture of the problems which confront 
the prospective engineer. 

Problem solving, as an over-all abil- 
ity to be developed, may be translated 
into personal characteristics to be at- 
tained by the desirable graduate. These 
characteristics involve: 


A Spirit of Inquiry, 

Knowledge of Sources of Information, 

Knowledge of Concepts and Principles, 

Knowledge of Methods of Problem 
Solution, 

Skill in Manipulation of Engineering 
Devices and Materials, 

Skill in Verbal and Graphical Repre- 
sentation and Communication, 
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Possession of Personal Standards of 
Accomplishment, 

Possession of a Desirable Personal 
Philosophy. 


The conclusion that the development 
of these characteristics should repre- 
sent the sum total of engineering edu- 
cation is significant because it explicitly 
states the educational contribution in 
terms of the student rather than in 
terms of a series of courses. This point 
is emphasized by the fact that the de- 
velopment of those desirable traits or 
characteristics is much more a func- 
tion of the instructional methods em- 
ployed than of the subject matter of 
the curriculum. 

Valid engineering education will, 
therefore, develop and advance prob- 
lem-solving characteristics of the stu- 
dent. Subjects have a legitimate place 
in the curriculum only when through 
their teaching they contribute signifi- 
cantly to such characteristics. For ex- 
ample, the presence of any subject in 
the curriculum should be questioned if 
it does not contribute to the student’s 
spirit of inquiry. The goal of problem- 
solving can be achieved only by a 
united effort on the part of the entire 
teaching staff. 

Reformulating the aims of engineer- 
ing education in terms of problem-solv- 
ing provides a key position for the hu- 
manistic-social stem in that it offers 
at another level of discourse an equiva- 
lent opportunity for problem-solving 
in the realm of those values which are 
social and personal. At the same time, 
the problem-solving approach encour- 
ages the student to an increased aware- 
ness of the inter-relationships of the 
various disciplines. 

Actually humanities courses can be 
selected and arranged to complement 
the scientific courses in method and ap- 
proach so that the student’s passage 
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from the broad and general to the nar. 
row and specific in his scientific courses 
is balanced by transition from the con. 
crete to the abstract in his liberal 
courses. 

In designing the curriculum, three 
subjects should be fixed and imme 
table: English Composition, Public 
Speaking, and Economics. Any pro 
gram of college studies quite obviously 
needs to provide for training in the use 
of English, for the development of ac 
ceptable speech habits, and for some 
attempt to offset the economic illiteracy 
prevalent in America. But a curricu- 
lum must be broad enough to provide 
for more than fundamental skill courses, 

An introduction to the historical 
evolution of social institutions mus 
form the basis of the Humanities pro- 
gram. It is not difficult to convinee 
the student that historical and social 
data develop that mature attitude which 
only a knowledge of the past can give 
to the present. Moreover, it is out 
this background of closely related sub- 
ject matter that materials needed in 
other Humanities courses in the cur 
riculum will emerge. Even the skil 
subjects like English Composition may 
draw for their theme work and reat- 
ings from literature that is related to 
the study of history. 

It is, for instance, this emphasis on 
the historical background that encour 
ages cooperation with local museums 
where displays of rich artistic materials 
give a three-dimensional stimulation 
to the student’s interest and imagine 
tion and demonstrate at the same time 
the interweaving of cultural ideas. For 
example, while as history students 
young engineers may be studying the 
eighteenth century, in their English 
classes they may be reading an eight 
eenth-century novel and supplementing 
both by attendance at an exhibition 
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which can be mutually arranged by the 
shool and the museum to demonstrate 
the impact of the development of fast 
ailing vessels and later of steam on 
the opening of the Far East and its 
commercial and political consequences. 
For instance, such an exhibition ar- 
ranged for at The Cooper Union on 
‘The China Trade and its Influence 
on the Western Arts from 1700 to the 
Opening of the Suez Canal in 1869,” 
attracted. very favorable comment not 
only in educational but in art and com- 
mercial circles in New York City. 
After the student has received in- 
struction in the skills applicable to 
written and spoken English, and after 
he has surveyed the history of his cul- 
tural heritage, he is prepared, in the 
upperclass years, to undertake more 
advanced examination of some of the 
major ideas which have served as the 
motivating concepts of western civili- 
zation. -It is desirable that he should 
be acquainted with the great literature 
of the past, that as an educated man he 
should have learned something of the 
major cultural concepts of the last four 
centuries—esthetic, literary, religious, 
social, scientific, and political ideals 
that have preceded and in part formed 
twentieth-century thought. I wonder 
how many engineering teachers have 
taken the trouble to investigate the texts 
used by their Humanities Department, 
to read them and obtain the same bird’s 





1 stimulation 
and imagine 
the same time 
al ideas. For 
ory students, 
studying the 
heir English 
ing an eight 
upplementing 
an exhibition 


















eye picture which is provided for their 
students. 

Social studies such as Economics 
should not be offered until the student 
has amassed sufficient information on 
our social history and our institutions 
to have some sense of their complex- 
ities; he should be mature enough so 


that, properly guided, he will not be 
prey either to superficial shibboleth or 
to conditioned stereotype. The current 
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tendency to examine trends without 
first looking at the facts involved in 
the formulation of those trends is ridic- 
ulous. It is for this reason, therefore, 
that Economics should be placed late in 
the curriculum. Economic institutions 
are best considered in relation to other 
social institutions; hence Economics is 
to be considered not only as an aca- 
demic collection of laws and principles 
but also as an integral part of an in- 
troduction to the social sciences. 

A sound personal philosophy should 
be the capstone of the structure of the 
humanistic-social studies. If the young 
engineer is to profit from the variety 
of studies which has just been described 
and if his point of view is to be shaped 
by them, then a successful effort must 
be made in his final year in college to 
unify and integrate his information. 
This can best be done by an exploration 
of the points of view and philosophies 
of the great minds of the contemporary 
world, of thinkers who have influenced 
the course of contemporary thought. I 
have in mind such men as Alfred North 
Whitehead, A. S. Eddington, and John 
Dewey. Their theses must be made 
available without imposing excessive 
reading assignments. This can be done 
by. judicious selections elaborated by a 
stimulating and well-informed teacher 
in informal seminars where active dis- 
cussion and argument provide the ad- 
hesive which makes the subject matter 
stick to the student’s memory. 


VI 


IMPLEMENTATION—ACADEMIC 
STRATEGY 


Having pointed out what I believe 
are the basic philosophy and the ob- 
jective of the humanistic-social stem, 
and what it consists of in terms of ob- 
jectives, subject matter, and sequences, 
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I want to conclude with a word about 
its implementations in the engineering 
college curricula. No amount of “pres- 
sure” from deans, presidents, or alumni 
can bring a faculty around to whole- 
hearted support of the humanistic-so- 
cial studies. 

To be sure the administrative officers 
must be alert to lend a hand here and 
there when an important committee 
proposal extending the time and scope 
of the humanities is up for adoption, 
when English and the social studies 
are competing with mathematics and 
soil mechanics for appropriations, or 
when overloaded schedules tend to 
push the “less important” humanistic 
studies into such odd class hours as 
“eight o’clocks,” noon hours or Satur- 
days. 

But as I said before, salvation must 
come from within. Reconversion of the 
educational curricula must be a matter 
of the spirit as well as of the catalog. 
Students and faculty and administration 
must see for themselves that a humane 
education is necessary to the future 
of our civilization. They must be pre- 
pared to sacrifice nineteenth-century 
ideals of purely technical training to the 
demands of the modern world. Cer- 
tainly, no one can fail to see the need in 
our society for leaders who are broad, 
liberal, and humane, as well as efficient. 
The first step toward this goal is a 
professional education such as I have 
described. 
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I can think of no better way to bring 
to a close what I have said than t 
quote that magnificent passage from 
John Henry Newman’s essay on “The 
Aim of a. University Education” : 


“If then a practical end must be as 
signed to a University course, I say it is 
that of training good members of society, 
Its art is the art of social life, and its end 
is fitness for the world. It neither con- 
fines its views to particular professions 
on the one hand, nor creates heroes or 
inspires genius on the other. Works in- 
deed of genius fall under no art; heroic 
minds come under no rule; a University 
is not a birthplace of poets or of im 
mortal authors, of founders of schools, 
leaders of colonies, or conquerors of na- 
tions. It does not promise a generation 
of Aristotles or Newtons, of Napoleons 
or Washingtons, of Raphaels or Shakes- 
peares, though such miracles of nature it 
has before now contained within its pre- 
cincts. Nor is it content on the other 
hand with forming the critic of the ex- 
perimentalist, the economist or the en- 
gineer, although such too it includes 
within its scope But a university train- 
ing is the great ordinary means to a great 
but ordinary end; it aims at raising the 
intellectual tone of society, at cultivating 
the public mind, at purifying the national 
taste, at supplying true principles to 
popular enthusiasm and fixed aims to 
popular aspiration, at giving enlargement 
and sobriety to the ideas of the age, at 
facilitating the exercise of political 
power, and refining the intercourse of 
private life. 
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It is my purpose in this paper to 
discuss briefly some of the problems 
fing the engineering colleges and the 
types of aid which the Office of Educa- 
tion, particularly the Specialist in En- 
gineering Education, may be in a posi- 
tion to render the colleges in their solu- 
tion. In the battle to “win the peace” 
in which our country is engaged, edu- 
ation is the most powerful branch of 
wr fighting forces, with technical and 
sientific education in the position of 
the shock troops—the first to strike 
the enemy—the “C.B.’s” of our task 
iorce. Upon the engineering colleges 
is laid the task of preparing young 
men and women to understand and 
to aid in the technical and scientific 
alvances which are developing with 
sich speed and complexity as to con- 
stitute a scientific and ideological revo- 
lution. 

This is a huge task and a grave re- 
sponsibility, but it is only a part of the 
burden now resting on the engineering 
wlleges. It will not be sufficient to pro- 
duce mere technical and scientific com- 
petence. In fact many believe it may be 
positively harmful to society to do so, 
unless those who have the competence 
have also a vital awareness of the so- 
tial, political, and economic implications 





* Presented at a meeting of the New Eng- 
land Section, A.S.E.E., at Norwich Uni- 
versity, October 5, 1946. 
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of scientific and technical developments, 
and the ability to do something about 
them. 

The development of these attitudes 
and skills cannot be separated from the 
development of technical and scientific 
attitudes and skills. Each must be an 
integral part of a unified program de- 
signed to produce men and women who 
can intelligently use the scientific 
method in attacking social and political 
problems, and can appreciate and take 
into account the social and_ political 
aspects of engineering and scientific 
problems—in short, men and women 
who can be “engineering statesmen.” 

This is to my mind the greatest prob- 
lem facing the engineering colleges to- 
day, and it confronts them just at the 
time when they face a host of other ur- 
gent problems resulting from wartime- 
deferment policies and the present and 
prospective rush of students, veterans 
and non-veterans, to college. 

The A.S.E.E. study on “The Outlook 
in the Demands for and Supply of Engi- 
neering Graduates” indicates a great 
current shortage of engineers and a de- 
mand for them beyond the ability of the 
engineering colleges to supply for sev- 
eral years to come, after which there is 
indicated a levelling off in the demand 
at a figure about 50 per cent above the 
supply during the last few pre-war 
years. 
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The Veterans Administration re- 
ports that as of August 31, 1946, 4.2 
million veterans had applied for train- 
ing benefits under Public Laws 16 and 
346, and that applications through the 
summer months were at the rate of 400,- 
000 per month. There were 1% mil- 
lion veterans in training on August 31, 
1946, and % million had terminated 
training. The largest enrollments of 
veterans on August 31 were in liberal 
arts, with engineering second. How- 
ever the liberal arts enrollments include 
pre-professional students, many of 
whom will be engineers. The Veterans 

_Administration also reports a great 
interest in the two-year terminal 
courses offered by technical institutes, 
which in some instances are closely as- 
sociated with engineering schools and 
in any case are of great interest to 
them and of great importance to in- 
dustry. 

It is predicted by some competent 
observers that by 1949-50 there will be 
more than 2 million veterans in training 
at one time, of whom something over 
1 million will be in college. 

It may be of interest to list a few of 
the important problems now facing 
higher education in general, and engi- 
neering education in particular, without 
attempting at present to find their solu- 
tions. 

What should be the basis for selection 
of students? Most engineering colleges 
are compelled by limitations of staff and 
facilities to admit only a portion of those 
who apply. Should selection be predi- 
cated on residence, or war service, or 
race, or creed, or on ability to profit 
from an engineering education? Should 
it be based on a paper record of credits 
earned, or on mastery of necessary 
foundation subjects, no matter how 
gained? Many believe that a well or- 
ganized testing program is a better in- 
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dicator of success in college than a high 
school record several years old. 

What sort of guidance should te 
given to veterans and others as to their 
future occupations, and’ by whom? 
Many agencies are trying to help in 
this important matter. Veterans re 
ceiving training under PL 16 must re. 
ceive guidance from Veterans Ad- 
ministration counselors—others may 
avail themselves of it if they wish. 
Many other organizations, local, state, 
and national, are trying to help. Surely 
a grave responsibility rests on the engi- 
neering colleges, in view of the public 
interest in engineering engendered by 
war time developments and experiences, 
because of the numbers of veterans, 
both qualified and unqualified, seeking 
to be engineers, and because of the great 
need of industry for competent engi- 
neers. 

What sort of curricula and instruc- 
tion should engineering colleges offer 
their students? Should they attempt 
to train for the rank and file of engi- 
neering jobs, or to educate for leader- 
ship in industry, teaching, and _ re 
search? Should they put the major 
emphasis on vocational training or on 


the development of personal and social | 


characteristics ? 

What changes in traditional courses 
and teaching methods are indicated by 
the presence of the large numbers of 






































veterans in the engineering colleges? 
These veterans are older than the typi- 
cal high-school graduate, they have a 
much more adult attitude, a more seri- 
ous purpose, and a much greater urge 
for speed in preparing for their life- 





work. Does this mean they should be 
given E.S.M.W.T. training? Of 
should some of the techniques devel- 
oped in E.S.M.W.T. courses be used to 
revitalize and intensify engineering edu- 
cation? 
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What kind of teachers do the engi- 
ering colleges need, and how can 
they be recruited? Must the colleges 
wer their standards because of their 
emendous need for teachers and the 
wmpetition of industry and govern- 
ment? Selective Service has recently 
adopted a policy of deferring college 
achers still left in the age groups sub- 
ject to the draft, which may indicate the 
wssibility that a national overall man- 
wer program may be developed. 
(an this possibility be made a reality? 
(an programs be developed to train en- 
gneers to teach? Can industry and ed- 
«ation work out some sort of a cooper- 
itive system for teachers, as they have 
done so successfully for students? 

What sort of relations should there 
ie between higher education and the 
Federal Government? Should there 
ea program of Federal aid to educa- 
ton? If so, should it be extended to 
individual students or to institutions, 
ot both? Should it be extended only 
during the present emergency, or per- 
manently? If to institutions, should it 
te extended only to tax-supported in- 
titutions, or should the privately sup- 
wrted tax-exempt institutions share 
nit? The Federal Government is now 
iiding individuals through the GI bill 
ad PL 16. Legislation has been pro- 
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wildings and equipment. A bill to 
stablish a program of Federal aid in 
the erection of permanent buildings was 
debated in the last session of Congress. 
How far should efforts to meet an 
emergency be allowed to color per- 
manent policies? In this country edu- 
tation has traditionally been considered 
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a function of the states. Should the 
base be now broadened by making it at 
least partly a function of the Federal 
Government? If so, should Federal 
funds be used to partially equalize edu- 
cational opportunities in the various 
states? 

These problems represent only a par- 
tial list of the vital problems facing en- 
gineering colleges (and all colleges)— 
problems whose solutions will call for 
the highest type of “engineering-edu- 
cational-statesmanship.” It must be 
evident to all that for higher education 
the “good old days” are gone forever. 
The colleges can’t turn back, even if 
they want to, to the easy schedules, the 
long vacations, the dealing with im- 
mature minds, which characterized the 
college of pre-war days. They must go 
ahead, they must find solutions to the 
new problems facing them, they must 
use to the utmost such courage and such 
vision as they possess, or our country’s 
battle to win the peace will be lost. 

The President of the United States, 
recognizing the seriousness and com- 
plexity of the problems facing higher 
education, has appointed a Commission 
on Higher Education which is making 
an effort to measure national educa- 
tional needs on a long range basis 
(through 1960 or thereabouts), to 
form the foundation for a determination 
as to what the colleges should do. 
Studies assigned to sub-committees at 
the first meeting of the Commission 
were: 

The Responsibilities of Higher Edu- 
cation in Our Democracy and in 
International Affairs. 

Ways and Means of Providing 
Higher Educational Opportunity 
to All in Terms of the Needs of 
the Individual and of the Nation. 

The Organization and Expansion of 
Higher Education. 
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Financing Higher Education. 

Providing Personnel for Higher Ed- 

ucation. 

What part can the Office of Educa- 
tion play in the battle to win the peace? 
What should be the relationship be- 
tween the Office of Education and the 
colleges; between Federal and _ state 
educational agencies? The basic act 
passed by Congress in 1867 establishing 
the Office of Education authorizes it to 
collect statistics and facts showing the 
condition and progress of education and 
“to diffuse such information respecting 
the organization and management of 
schools and school systems, and meth- 
ods of teaching, as shall aid the people 
of the United States in the establish- 
ment and maintenance of efficient school 
systems, and otherwise: promote the 
cause of education throughout the coun- 
try.” : 

In discharging these responsibilities 
the Office of Education is maintaining 


several continuing activities which it 
may be of interest to outline briefly. 
The Office of Education is certifying 
to Selective Service the names of col- 
lege teachers who are essential for the 
conduct of the programs of their insti- 


tutions. Under recent directives of the 
Office of War Mobilization and Recon- 
version the National Headquarters of 
Selective Service will recommend to 
local boards that teachers so certified 
be deferred. Final action, of course, 
still rests with the local boards, and there 
is no blanket deferment for teachers. 
Each case is considered individually on 
the basis of information submitted to 
the Office of Education by the institu- 
tion on Selective Service Form 42A 
(Special) (Revised). It is important 
that in filling out this form complete in- 
formation about the duties of the 
teacher be given, so that prompt action 
may be taken. . 
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The Division of Surplus Property 
Utilization in the Office is workinghy hi 
closely with the War Assets Adminisfile c 
tration and with the Army and NavyfE.) 
in assisting the schools and colleges tgWask 
secure both real and personal property 
made available by these agencies. 

The Office of Education administergas 
the Federal funds annually made avail-4ional 
able to the land grant colleges.  Thefilist 
Office initiates the annual certification|mive 
to the Secretary of the Treasury forpsinc 
the payment of funds to the collegesfdice 
collects annual reports from  themfuatic 
prepares a summary statistical reporifrith 
on the institutions, and obtains legalfdice 
interpretations when questions arisefaits 
with respect to the use of these Federalfite d 


countries for study or for employmentfi 
and will evaluate the credentials of for- 


prospective students seeking informefmnc 
tion as to the offerings of colleges anigiede 


The Division of Higher Educationgubli 
publishes a bi-monthly bulletin calleij\ati 


all college and university presidentsjvar 
deans of liberal arts, deans of engineerfiigh 
ing, and others. This bulletin containspias < 
brief articles of general interest to 

higher education, news items, and arfins 


ATION 


plus Propertyouncements of publications of interest 
ce is working higher education. One recent ar- 
ssets Adminisfide concerned the S.P.E.E. (now A.S.- 
‘my and Nay§ZE.) summer school conducted at 
and colleges tVashington University last summer. 
sonal property The Office publishes an Annual Re- 
agencies. wrt describing the activities of its vari- 
on administers divisions, and an annual Educa- 
lly made availfional Directory, of which Part III is 
colleges. Thelisting of all accredited colleges and 
al certificatiggfmiversities in the country and their 
Treasury forpincipal administrative and academic 
» the collegesfdicers, and Part IV is a listing of Ed- 
from themfuational Associations and Directories, 
tistical reporfrith names and addresses of principal 
obtains legalfificers. A recent change in policy per- 
uestions arisgmits the indication in the next issue of 
these Federale directory, now in press, that certain 
institutions are accredited by E.C.P.D. 
1 will upon refithough they have no official who holds 
als of Amerifiie title “Dean of Engineering.” 
ing’ to foreignfformer editions of the directory con- 
- employmentfained no indication that these institu- 
lentials of forfions offered any courses in engineer- 
admission  toig. 
iversities. The Office publishes at intervals a 
to maintainfisting of Accredited Higher Institu- 
leral agenciesfions in which are outlined the methods 
ition to assisfi accreditation, the agencies perform- 
vith problemsjmg it, and the accreditation given to 
ach institution. Part I of the list 
of corresponfivers universities, colleges, junior col- 
e calling forféges, and teacher training institutions, 
ous Divisionfad Part II covers professional and 
large amountftehnical schools. This bulletin, as well 
swered fromjsthe annual directory, is in large de- 
ing informagmnd from educators and state and 
colleges anifiederal agencies. 

Beginning in 1918 the Office has 
er Education{mblished biennial surveys giving 
ulletin calleifStatistics of Higher Education. Publi- 
ch is sent tofation has been interrupted during the 
y presidentsgvar but is being resumed this fall in a 
; of engineerfiightly modified form. This bulletin 
letin contains}ias also been in large demand. 

interest to} The Office publishes special bulle- 
ems, and amfins giving the results of studies by 


ENGINEERING COLLEGES AND U. S. OFFICE OF EDUCATION 


605 


staff members and others. Recent ex- 
amples of these special bulletins are 
the histories of the war training pro- 
grams, and a study of vocational edu- 
cation of college grade, all of which are 
now in press. Copies of these and other 
publications of the Office will be sent 
on request. Staff members of the Office 
serve on various professional commit- 
tees and attend meetings of professional 
and educational associations for pur- 
poses of liaison with the associations. 
A recent example was the conference 
on “Emergency Problems in Higher 
Education” conducted under the aus- 
pices of the American Council on Edu- 
cation, in which several members of the 
staff participated. Another recent ex- 
ample consisted of participation on an 
inter-agency committee on disposal of 
Federal property for educational pur- 
poses, which was sponsored by the Re- 
training and Reemployment Adminis- 
tration of the Department of Labor. 
The work of this committee resulted in 
the publication of a pamphlet of infor- 
mation for educational institutions, de- 
signed to inform them which agency to 
contact and how to do so with respect to 
the acquisition of various kinds of Fed- 
eral property. This pamphlet is not 
intended to be a complete detailed 
manual of procedures, but is intended 
to help the institution to “get its foot 
on the first rung of the proper ladder.” 

So much for the general activities of 
the Office of Education. Specifically, 
what can I, as the Specialist in Engi- 
neering, do to help the engineering col- 
leges? First of all, I am quite certain 
that neither I nor the entire staff of the 
Office of Education can give the col- 
leges the solutions to all their prob- 
lems. But I should be able to be of 
some assistance to them in arriving at 
their own solutions, if they will call on 
me. Second, there is no desire on the 





part of any member of the staff to at- 
tempt to issue directives or instructions 
to the colleges. Rather, it is our hope 
that the colleges will tell us when, 
where, and how we may be able to help 
them. 

It seems that there should be a field 
of usefulness for the Office of Educa- 
tion in helping, or possibly even taking 
the lead, in national studies of various 
problems in engineering education. 
For example, I was grateful for the op- 
portunity given me last spring to con- 
tribute to the S.P.E.E. study on supply 
of and demand for engineers. I plan 
to prepare with Dr. Bishop’s help a 
“follow-up” on that study for the En- 
gineering Section of the Land Grant 
College Association in December. I 
shall welcome suggestions as to useful 
studies at any time and hope to have 
the help of the colleges in their con- 
duct. I shall of course be careful not 
to interfere with or to duplicate the 
activities of A.S.E.E., E.C.P.D., or 
other established groups, with which I 
desire to cooperate as fully as possible. 

In my dealings with the colleges I 
shall follow one of the basic principles 
of E.S.M.W.T.—that of maintaining 
direct contact with each college indi- 
vidually, with no intervening agency. 
I am happy to say that in almost every 
engineering college the dean has des- 
ignated some individual (in most cases 
himself) as the official liaison officer 
between his institution and our office. 
I believe that these contacts can be 
mutually helpful—I know they are 
helpful to me, and I have already been 
privileged to perform some direct serv- 
ices to a few colleges. I shall endeavor 
to keep the colleges informed of im- 
portant developments in Washington, 
and I hope the colleges will keep me in- 
formed of their activities, and will let 
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me know when I can help with spe 
cific problems. 

One of my concerns has been with 
ways and means of aiding the college 
in their search for teachers. Follow. 
ing discussions with officials of the 
National Roster of Scientific and Spe 
cialized Personnel it was decided t 
expand its services to the colleges in 
locating teachers. The Roster had pre 
viously limited this service to screening 
the records of registrants who had in 
dicated that they were available for em 
ployment. This spring the Roster de 
cided that for major positions such a 
full professors and department head 
they would screen the records of al 


registrants in the professional field in-f ; 


volved. The Chief of the Research 
Section of the Roster reports that uw 
to October first the Roster had been 
asked to aid in filling 1,371 college va 
cancies and had referred the records 
of 3,500 registrants, of whom about 25 
per cent were engineers. 

Late in July I sent a memorandum to 
the deans of engineering telling of a 
possible source of engineering and sc¢:- 


ence teachers in the technical and sci-§, 


entific personnel being released from 
the Navy. Arrangements had _ been 
made with the Director of Scientific 
Personnel Division to allow college 
representatives to examine the records 
of these people. The Director in- 
forms me that up to October first 2 
colleges had sent representatives to his 
office, who had taken 750 names from 
the files with the intention of offering 
employment to each. Unfortunately 
the institutions have in general not re 
ported as to the actual employment of 
these people, and we are therefore ut- 
able to make any definite statement 
other than that a good many of them 
have been employed by colleges. 

I have been appointed Director of 
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the Student War Loans program, which 
made loans to some 11,000 students 
during the war—(a large number of 
whom were engineering students) to 
enable them to complete their education. 
No loans are now being made, but ex- 
tensions of time for repayment, and 
cancellations of loans under certain 
circumstances, require in some in- 
stances administrative decisions, often 
following rather lengthy investigations. 
The routine operations of collecting 
laans are handled by a small clerical 
staff under my general supervision. 

I started early this summer a series 
of short bulletins to be published at ir- 
regular intervals to advise the éngineer- 
ing colleges of activities of Federal 
agencies which, in my opinion, would 
be of special interest to them. Two 
bulletins were issued, one outlining the 
distribution of O.S.R.D. reports to 
libraries and one telling about a possible 
source of teachers in persons being 
released from the Navy. These bul- 
letins were issued late in July and none 
have been issued since that time because 
of my assignment by the Commissioner 
of Education to the Veterans Educa- 
tional Facilities Program which was 
set up to implement Public Law 697 
(the Mead Bill). 

When it semed likely that the Mead 
Bill might pass, the Commissioner as- 
signed to me the duty of laying pre- 
liminary plans for discharging the duties 
assigned to him under the Bill. In 
cooperation with the officials of the 
Federal Works Agency who would be 
in charge of the program, an adminis- 
trative organization was outlined using 
the principles of decentralization, dele- 
gation of authority, and direct contacts 
with educational institutions which 
proved so successful in conducting the 
E.S.M.W.T. program. Immediately 
after the passage of the bill, E. V. Hol- 
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lis, Specialist in Statewide Programs, 
was designated as the Director of the 
new program and I was designated as 
Associate Director. We have been de- 
voting practically our entire time to it 
since then. 

Public Law 697 authorizes the Fed- 
eral Works Agency to furnish buildings 
and equipment to educational institu- 
tions in which the Commissioner of 
Education certifies that urgent short- 
ages exist or are imminent in such fa- 
cilities needed for the education of 
veterans. This means that F.W.A. can- 
not act on a request from an institu- 
tion until the Commissioner, or his 
representative, has certified an educa- 
tional need. It means further that the 
Finding of Need by the Commissioner’s 
representative establishes a ceiling be- 
yond which F.W.A. cannot go in aid- 
ing an institution. F.W.A. can furnish 
only such facilities as it can secure from 
Federal surpluses, with the approval 
of the War Assets Administration. 

F.W.A.’s operations are decentral- 
ized and conducted through nine Divi- 
sional offices. In order to expedite the 
program we, therefore, similarly de- 
centralized the operations of the Office 
of Education in the program. We have 
established in each F.W.A. Divisional 
office a Chief Educational Officer with 
whom will be associated other Educa- 
tional Officers. These men have power 
to act for the Commissioner in approv- 
ing Justifications of Need submitted by 
schools and colleges in the states con- 
stituting the Division. They deal di- 
rectly with individual institutions, just 
as the Principal Specialists in the 
E.S.M.W.T. program did, looking to 
the Washington staff only for general 
policies and criteria. They submit to 
the F.W.A. Division Engineer a Find- 
ing of Need based on their study of 
the Justification of Need submitted by 
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an institution. F.W.A. will then ac- 
cept formal application from the in- 
stitution for such items in the Finding 
of Need as it feels able to supply at the 


time, leaving the way open for later’ 


applications for other items included 
in the Finding of Need. 

We believe that this type of organi- 
zation and procedure will enable 
F.W.A. to supply needed facilities to 
the colleges as expeditiously as pos- 
sible, and we have received from col- 
leges and universities many expressions 
of satisfaction with this arrangement. 

F.W.A. has set up tentative allot- 
ments of funds by states in accordance 
with the number of veterans certified 
for training in each state, which will 
insure an equitable distribution of 
funds among the various states. They 
have set up even more tentative allot- 
ments to institutions within a state to 
serve as rough guides for their engi- 
neers in the acceptance of applications 
from institutions. It therefore is much 
more important that an institution sub- 
mit a carefully written and thoroughly 
documented Justification of Need than 
it is for it to be among the first in a 
state to submit a Justification. 

Shortly before I left Washington the 
Civilian Production Administration is- 
sued Direction 23 to Priorities Regu- 
lation 13, under which educational in- 
stitutions are given first priority, ex- 
cept for items which may be needed 
under the C.P.A. and N.H.A. housing 
programs, on certain categories of ed- 
ucational equipment which are listed 
in the Direction, provided their orders 
have been’ certified by Federal Works 
Agency as necessary to enable the edu- 
cational institution to meet the require- 
ments of the veterans’ educational pro- 
gram. The War Assets Administra- 
tion Order 6 under Regulation 14, 
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which implements C.P.A. Direction 23, 
establishes the sales price for items in 
the specified categories as five per cent 
of the “fair value,” the institution be- 
ing required to pay transportation costs, 

F.W.A. has announced that it will 
certify orders under this program only 
for those institutions for which a Find- 
ing of Need covering the items ordered 
has been submitted by the representa- 
tive of the Commissioner of Education, 
The Justification of Need on which 
such a Finding of Need is based may 
also include requests for buildings and 
for items of equipment not specified in 
C.P.A. Direction 23. It should in fact 
include all educational facilities needed 
by the institution in its program of ed- 
ucating or training veterans under 
Public Law 346. 

The decision as to whether specific 
items of equipment are to be secured 
by F.W.A.’s Bureau of Community 
Facilities under regular V.E.F.P. pro- 
cedures, or by the institution following 
procedures of the program under 
C.P.A. Direction 23, will be made by 
the institution in consultation with the 
F.W.A. Division Engineer. 

The program under C.P.A. Direc- 
tion 23 greatly improves the chances of 
educational institutions securing equip- 
ment included in the specified cate- 
gories, provided they can justify their 
need in terms of the, provision of edu- 
cation to veterans. It seems likely that 
this new channel offers the best op- 
portunity thus far afforded educational 
institutions to secure equipment in 
these specific categories. The col- 
leges may rest assured that the Office 
of Education and the Federal Works 
Agency will use every effort to make 
these new programs as effective as 
possible in aiding them to secure the 
buildings and equipment which they 
need in order to carry out their veter- 
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ans educational program in such a way 
as to benefit the greatest possible num- 
ber of veterans. If other categories of 
equipment and supplies become avail- 
able to educational institutions through 
amendments to the existing C.P.A. 
Directions and W.A.A. Orders, the 
schools and colleges will be promptly 
notified. 

I know that I speak for the Office of 
Education, and particularly for the 
staff of the Division of Higher Educa- 
tion, when I say that we are anxious 
to do whatever we can, with our quite 
limited staff and funds, to assist the 
colleges in the solution of their prob- 
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lems, and to “promote the cause of edu- 
cation throughout the country.” 

As for myself, I like to feel that I 
am in effect an unofficial representa- 
tive of the engineering colleges in Wash- 
ington—a “friend at court,” anxious 
to help the cause of engineering educa- 
tion in any way that I can. I am at- 
tempting to develop contacts and 
sources of information of value to en- 
gineering educators. I hope you and 
your institutions and your societies will 
call on me whenever you feel that I or 
the Office can help you. I may not al- 
ways be able to help you, but I can and 
will try to help. 














Notes on the Philosophy of Stress Analysis 


By L. T. WYLY 
Professor and Head, Dept. of Structural Engineering, Purdue University 


The principal purpose of a college 
education is to assist the student to de- 
velop the capacity for independent 
work. Perhaps the main qualification 
for such original work in engineering is 
intellectual power in logical analysis. 
Since it is desirable that both instructor 
and student keep this objective con- 
stantly in mind, attention may be di- 
rected to the philosophy underlying an- 
alytical procedures. 


STEPS IN ANALYSIS 


In any given situation there are cer- 
tain required values, unknown at the 
start, whose determination constitutes 
the object of the inquiry. The essen- 
tial steps in the analysis are the fol- 
lowing : 

1. The relations between the various 
unknowns are expressed in terms 
of the principles or theorems of 
the laws of theoretical mechanics. 
The mathematical statements of 
these relations constitute the equa- 
tions. 

2. Each equation, being an applica- 
tion of a principle of mechanics to 
a specific case, must be accurate 
and complete in itself. The units 
and signs used pertain to the 
principle selected and must be 
correct and consistent with that 
prinoiple, and with the conditions 
of the structure. 

3. When as many independent equa- 
tions as there are unknowns have 
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been properly set up and solved, 
either simultaneously or by suc- 
cessive approximations, the true 
values of the unknowns have been 
found. 


ILLUSTRATION 


An illustration of a suggested method 
of procedure, with respect to both in- 
tellectual sequences and method of 
showing the work on paper, is given in 
Fig. 2. This illustration emphasizes 
the three steps enumerated above. 


SIGNS 


It is suggested that most of the dif- 
ficulty which sometimes arises in con- 
nection with analytical work comes 
from failure to follow out the above 
philosophy logically and completely. 
One of the most common sources of 
confusion is the matter of algebraic 
signs, and a few remarks may be di- 
rected to this subject. 

Signs are used to denote relative di- 
rection. If all forces acting on a given 
body acted in the same direction, or if 
all moments tended to rotate the body 
in the same direction, all signs would 
be positive. 

It is thus plain that sign conventions 
are a matter of convenience and that 
they are not sacred. In any given case 
the convention most convenient to the 
investigator should be used. In cer- 
tain matters, such as the external shear 
acting on a beam, the sign conventions 
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NOTES ON PHILOSOPHY OF STRESS ANALYSIS 


are identical all over the world, both by 
emmon consent and by custom. In 
other cases, such as the sign of bend- 
ing moments, the conventions adopted 
depend on the purpose for which the 


GIVEN : Beam and Loads Shown 


REQUIRED : Vertical Reactions at Supports A & B 


(ONDITIONS 0) =Mp = 0 
USED 2) V =0 





positive. 
SIGN CONVENTION Moment © + 
ASSUMED Force. © + 
A, CORRECT PROCEDURE 
,10 lbs. 
EQUATIONS (1) 6(10) + 10 Vy = 0 4 + OB Sip = 0 
Va 
,10 lbs ; 
* ee = + ee = 
(2) -10 - Va + Vp=0 es We zV=0 
SOLVING (1) and (2) A a 
(1) v, = -6 
(2) -10 -(-6) + 4 =0 
Vp = th 
B ,10 lbs. 
COMPLETED LOADING DIAGRAM CORRECT A ——¢B 
6 lbs. 4 lbs 
B, INCORRECT PROCEDURE wiki: 
EQUATIONS (1) 6(10) + 10 V, = 0 Aght 6! op Zp = 0 
Va 
10 lbs 
_ (2) -10+ Vy + Vp=0 a 6 eB 2V=0 
SOLVING (1) and (2) Va VB 
(1) Vy = -6 
(2) -10 + (-6) + Vg=0 
Vp = 16 10 lbs. 
COMPLETED LOADING DIAGRAM INCORRECT f > 
6 lbs. 16 lbs, 
Wrong 
Answer 


e Fig. 1. 


Study of sign procedure. 
































O1r 


bending moment is used, as well as on 
the preference of the investigator. 
Rules governing the use of signs may 
be arrived at by consideration of the 
simple problem presented in Fig. 1. 


10 lbs. 
1 
pe ae a ee B 


le 10! >| 


Direction of reactions Vg and Vp 
theoretically unknown and assumed 

















NOTES ON PHILOSOPHY OF STRESS ANALYSIS 


CoMMENTS ON Fic. 1 


Principles Used: The principles of me- 


chanics used are the conditions of 
static equilibrium. Obviously a 
number of other theorems or 
principles could have been used 
but probably less conveniently. 


Equation (1): This is a moment equa- 


tion. Signs used refer to direc- 
tion of moments about moment 
center B. 


Equation (2) : This is a force equation. 


Signs used refer to direction of 
forces. 


Sign Procedure: The direction of the 


reactions at A and B are theoreti- 
cally unknown at the start. Ifa 
positive value is assumed for the 
moment about B of V4 the investi- 
gator automatically assumes that 
the force V4 acts downward. The 
negative answer obtained shows 
that this assumption was incorrect 
and the true direction is upward. 


Caution: It is very important, however, 


to note that when a direction of a 
force, moment, joint rotation or 
other variable has been assumed 
in writing an equation, the force 
or moment, etc., must be assumed 
to act in the same direction when 
writing other equations for the 
analysis. In other words, one may 
not blindly write plus for the signs 
of all unknowns in all equations 
involved in a given problem and 
confidently expect to get a correct 
solution. Since this is precisely 
where many students go wrong, 


the fallacy is illustrated in the ex- . 


ample, incorrectly worked in B 
procedure. 


Conclusions Regarding Signs. 


1. The sign convention used refers 
to the particular theorem or prin- 





. When a sign is assumed for the 


. Subject to the above restrictions, 


. Procedure Rules. 





ciple of mechanics used in setting 
up the equation in question. If 
the variables are expressed in 
terms of joint rotation, the signs 
refer to direction of rotation. If 
the variables are expressed in 
terms of work done, the signs re. 
fer to work. 


direction of an unknown in writ- 
ing an equation, the investigator 
automatically assigns to the un- 
known force, moment or other 
variable involved a direction, and 
this force, moment or other vari- 
able must then be assumed to act 
in this same direction in setting 
up remaining equations for the 
same problem. 


any desired convention of signs 
may be assumed by the investiga- 
tor. 


(a) If the signs of the unknowns 
in the basic equations are cor- 
rectly assumed the answers 
will come out positive. 

(b) If the signs of the unknowns 
in the basic equations are in- 
correctly assumed the an- 
swers will come out negative. 

(c) If the signs of the unknowns 
in the basic equations are all 
assumed positive the answers 
will be correct in sign. 


, oe 





‘Te A RL I 


Mp 


— 


F 





(d) When writing an equilib- 
rium equation it is desirable 
to place the summation of 
moments, forces, etc., on one 
side of the equality sign and 
the zero on the other side. 
Similar reasoning applies to 
other equations. 


. The above conclusions are per- 


fectly general. 
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CoMMENTs ON Fic. 2. 


Principles Used: Condition Equation 
(1) is a statement of the geometry 
of the distorted frame and is based 
on the two theorems of the Mo- 
ment-Area method. 

Condition Equation (2) is a state- 
ment of the stability of the un- 
braced members AB under the 
bending moments induced by 
force F acting through distance h. 

Equation (1) : Signs of all four bending 
moments are determined by the 
effect these moments have on the 
angle @, and by nothing else. 
Note that 6g for AB has the same 
direction and hence the same sign 
as 6, for BB, since joint B is as- 
sumed to be rigid and the value of 
each angle is the same as the other. 
Note also that the verticals are as- 
sumed fixed against rotation as 
well as against displacement at A. 
Stresses produced by Ma, tend to 
rotate the tangent at B in a clock- 
wise direction while the stresses 
produced by Mg tend to rotate the 
tangent at B in the opposite direc- 
tion. The signs of these two mo- 
ments must be opposite in this 
equation. A similar reasoning 
controls the signs of the moments 
on BB. 


in i to 


cc 





NOTES ON PHILOSOPHY OF STRESS ANALYSIS 


Equation (2): Since the verticals re. 
sist the transverse force F by bend- 
ing both at top and at bottom, 
these moments must have like 
signs for this equation. No other 
considerations enter into this se- 
lection of signs here. 


CoMMENTS ON OTHER SIGN 
APPLICATIONS 


The rules and principles listed above 
apply to all distortion problems, whether 
geometry or energy be used. 

Where an equilibrium equation is 
written for all moments at ends of 
members entering a joint, equilibrium 
against joint rotation is the governing 
factor in sign determination. See Fig. 
3(a). 

The Slope-Deflection equations ex- 
press the end moments of a member in 
terms of joint rotations 6, and member 
rotations A/L. These angles @ and A/L 
are thus usually the unknowns. When 
writing the equation for bending mo- 
ment at the end of a member by this 
method, the signs of joint rotations in 
a given direction must be taken op- 
posite to the signs of member rotations 
in the same direction, since these two 
effects induce end moments in the mem- 
ber which tend to rotate the joint in 
opposite directions. See Fig. 3(b). 
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NOTES ON PHILOSOPHY OF STRESS ANALYSIS 


From the standpoint of proportion- 
ing material in beams after the stresses 
have been determined it is convenient 
to call the moments producing tension 
on one side positive, while those which 
produce tension on the opposite side 
are called negative. See Fig. 3(c). 

Where a given operation is carried 
out repeatedly without changing condi- 
tions, specific rules for signs may be 
arrived at. It is, however, never safe 


to follow such rules blindly nor to carry 
them over to conditions to which they 
may not apply. 





615 


CoNCLUSION 


Since it is necessary that the prob- 
lems presented in the analysis of a 
structure or unit be thought through in 
accordance with the principles and rules 
stated in this paper, it is desirable that 
the written solution be so organized as 
to show the steps taken and the con- 
ventions used. In the writer’s estima- 
tion attention to this matter should 
start when the student is introduced to 
the subject of mechanics for the first 
time, and such attention should continue 
throughout the college course. 








Projections of a Rotating Vector 


By I. F. RITTER 


Assistant Professor of Mathematics, New York University 


The simple device described in this 
note has been found highly effective as 
a teaching aid, proving all claims made 
for such aids by Gnaedinger and Bar- 
ker, “The Use of Audiovisual Aids in 
Engineering Instruction,” JoURN. OF 
Eng. Ep., vol. 36, p. 175 (1944). It is 
recommended to trigonometry teathers 
and text-book writers who desire to 
give to the definitions of the trig. func- 


tions of the general angle the emphasis 
they deserve, compared with the right 
triangle definitions. It will also’ be 
found helpful by teachers of engineering 
subjects, say composition of forces or 
theory of alternating currents, who 
must use the trig. functions of the gen- 
eral angle, but find their students not 
prepared to do more in the line of 
trigonometry than to compute the 
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PROJECTIONS OF A ROTATING VECTOR 


height of a flagpole from a right tri- 
angle. The latter situation, encoun- 
tered in a refresher course given to the 
technicians of a large radio station, led 
to the design of the device. 

To gain the full advantage of this de- 
vice, the student should make it him- 
self thus: On a sheet of polar graph 
paper lay out a scale from 0 to 1.0, run- 
ning from the pole along the 0° ray and 
along the 90° ray, and similarly a 
scale from 0 to — 1.0, running from the 
pole along the 180° and along the 270° 
rays. On a sheet of transparent ma- 
terial (tracing paper or, much better, 
cellophane or another plastic) draw a 
circle with diameter equal to one unit 
of the scale used on the polar graph 
sheet. Draw the diameter AP of this 
circle. Put a pin through A, and 
through the pole of the graph sheet, 
into 'a drawing board, so that AP be- 
comes a rotating unit vector in the po- 
lar coordinate system. Then on the 
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x-axis, formed by the 0° and 180° rays, 
read x = cos 6 and on the y-axis, 90° 
and 270° rays, read y = sin 9, for an- 
gles 6 through all quadrants. 

This is, of course, the line-value 
definition of these functions for the 
general angle. However the use of 
the device, preferably preceding the use 
of tables, to compute components and 
resultant of a number of vectors point- 
ing into various quadrants, will help 
the student to comprehend the defini- 
tion, and familiarize him with the signs 
and magnitude, of these functions in 
all quadrants. This is otherwise usu- 
ally achieved only after using coordi- 
nates in a course in analytic geometry. 
By using the device to plot graphs of 
the trig. functions the student is made 
aware of, for instance, the continuous 
variation of sin 6 and cos 6. If the vec- 
tor AP rotates with constant angular 
velocity the student can also see the 
simple harmonic motions performed by 
the projections of P on the axes. 





Coordination of Teaching in Physics and 
Engineering Mechanics 


By W. H. MICHENER 
Carnegie Institute of Technology 


This paper will not be mentioned in 
the headlines. It will not even make a 
front page story. To receive wide at- 
tention, one must propose sweeping 
changes—changes in curriculum or 
changes in teaching methods. I have 
nothing which is startlingly new to 
offer. The important things which I 
have to say may be well known, but 
they need to be repeated. 

Good teaching—whether it be in me- 
chanics or physics, or in history—de- 
pends primarily upon having good 
teachers. But how do we get or make 
good teachers? There is no simple 
answer to this question. But one of 
the prime requirements is interest— 
interest in the subject, interest in the 
students, and interest in the problems 
of teaching. This interest may be de- 
veloped and maintained if there is the 
proper attitude on the part of the teach- 
er’s colleagues and. particularly of his 
superiors. 

You may expect good teaching in a 
compact department where there are 
frequent meetings—either formal or in- 
formal—to discuss teaching problems. 
The young instructor should have the 
responsibility of developing his own 
methods, but he should not be left with- 
out guidance. In times like these, when 
there are likely to be large numbers of 
new instructors, there should be some 
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formal plan of tutelage by an experi- 
enced instructor. 

These procedures for improving 
teaching would seem to be in the hands 
of the instructional staff. But they can 
hardly succeed without the cooperation 
of the administration—de partment 
heads, deans, and presidents. If rec- 
ognition and advancement is given only 
to those who, in addition to being pass- 
able teachers, are doing research and 
publishing papers, then the teaching 
will remain only passable. In making 
this statement I do not wish in any way 
to belittle the importance of research. 
But I repeat, the good teacher must 
have interest not only in his subject 
but also in his students and in the prob- 
lems of teaching. And part of the 
responsibility for maintaining these in- 
terests lies with those who employ in- 
structors and give or recommend pro- 
motions. 

Now that I have said the important 
things, let us proceed to some of the 
details which are suggested by the title. 
I will recount some personal experi- 
ences in cooperation between depart- 
ments of physics and mechanics. It 
has been my good fortune to be in a 
school where teaching was not just a 
side line. These incidents occurred a 
decade ago. The turmoil of war has 
changed many of our activities. At 
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the time of which I speak our depart- 
ment of physics and the department of 
mechanics were each compact units. 
We in the physics department were 
sure we knew how to teach physics; 
and, of course, we were also sure we 
knew many things that were wrong 
with the way mechanics was taught in 
the other department. They likewise 
knew much that was wrong with our 
teaching of physics, but they were po- 
lite enough not to tell us to our faces. 
This kind of situation may not be en- 
tirely unfamiliar to you. 

With this as a background, a few 
meetings were held for the combined 
staffs of the two departments. Need- 
less to say, many of our differences 
vanished, others were seen to be less 
important than we had thought, and 
some differences still remain. The im- 
portant outcome of such meetings is 
that each of us sees the problems of the 
other a little more clearly. We find that 
we are working together for the same 
purposes. We are not so likely to say 
to a student, “I don’t care how they do 
itin mechanics (or in physics), but here 
is the right way.” 

Some of the shortcomings or faults 
of the instruction in physics as seen by 
the department of mechanics are as fol- 
lows. Students do not know how to 
analyze the forces acting on a body and 
draw a “free body diagram.” Students 
show evidence of having worked prob- 
lems, but apparently without a clear 
understanding. Now we instructors in 
physics know we have never overlooked 
the importance of such fundamentals. 
But nevertheless since that time I have 
always put more stress on the analysis 
of the forces acting on a body, and cor- 
respondingly less emphasis on complete 
numerical solutions. The student, in 
explaining even the simplest problem 
before the class, is required to identify 
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or isolate the body upon which the 
forces act. He must then indicate all 
the forces acting on the body; and 
finally, he must draw a separate vector 
diagram apart from the figure illustrat- 
ing the problem. This last requirement 
is violated far too often in physics text- 
books, and the student is misled to be- 
lieve that the length of a string is re- 
lated to the magnitude of a force. 

Instructors in mechanics also find 
that we have not sufficiently emphasized 
action and reaction, and the relation of 
internal and external forces. Perhaps 
we don’t. At least we agree that they 
should be emphasized. 

The equation L = Ja is more danger- 
ous than some of us realized. Students 
are not sufficiently warned in physics 
of the limitations of this equation. If 
we teach it at all we should point out 
that it applies only to a rigid body, and 
in general only to rotation about a fixed 
axis. Perhaps the physics instructor 
should introduce the student to some 
problems in which the equation can- 
not be used. It is well for the student 
to realize that there is more for him 
to learn in some later course. 

We are accused by the mechanics de- 
partment of doing a very poor job of in- 
struction on centripetal force, and shall 
I say, centrifugal force. I cannot admit 
that I personally am at fault in this re- 
spect, and no doubt each of you has the 
same conviction about your own teach- 
ing of the subject. But perhaps we 
have seen diagrams in some physics 
texts which could easily mislead the 
student into believing that there is a 
force, mv*/r, acting on a body away 
from the center of rotation. This brings 
us back to the importance of teaching a 
student to analyze the forces acting on 
a body. For example, a stone, on a 
string, moving in a horizontal circle at 
constant speed is acted upon by two 
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forces. One is the force of gravity and 
the other is the force of the string. 
There can be no other forces on the 
stone if there is nothing else touching 
it, and we may neglect the force of the 
air. The resultant of these two forces 
is directed toward the center of the cir- 
cle—not away from the center. The 
stone, moreover, is not in equilibrium. 
It has an acceleration in the direction 
of the resultant force. The use of 
d’Alembert’s Principle should, in my 
opinion, not be introduced in elemen- 
tary physics. 

The foregoing examples are some of 
the things we can learn from the teach- 
ers of mechanics. Now what can they 
learn from us? In the first place they 
should realize the limitations on our 
accomplishments in teaching. Even 
under our “expert” guidance, students 
will not acquire a complete understand- 
ing of basic principles in the few weeks 
which we may devote to mechanics. 
The mechanics instructor should not 
disregard what has been taught in 
physics, nor should he assume that these 
basic principles have been mastered. 
Instruction in engineering mechanics 
should be directed toward increasing 
the depth and breadth of the foundation, 
and not merely in building a super- 
structure of applications on top of a 
weak foundation. The process of edu- 
cation should involve going deeper as 
well as higher in each succeeding course 
of instruction. A high school course in 
physics is necessarily more superficial 
and may cover a wider range of topics 
than a course in engineering physics. 
There should be emphasis on funda- 
mentals at every stage of instruction, 
but it is not possible, with human beings 
as they are, to insist on a mastery of all 
these fundamentals in the first courses. 
In these earlier courses the student is 
almost certain to acquire some miscon- 
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ceptions, or learn some things which 
are not true. No matter how hard we 
try, this cannot be entirely avoided. 
But it does not follow that the earlier 
courses do more harm than good, as 
has sometimes been stated. 

We sometime accuse the mechanics 
department of placing too much em- 
phasis upon the working of problems. 
Too much of the student’s time is spent 
on routine calculations. To pass an ex- 
amination the student merely acquires 
dexterity in manipulating numbers and 
obtaining answers to type problems. 
This criticism is often directed against 
the teaching of physics also, and pos- 
sibly with equal justification. We are 
too prone to assume that, because a 
student can work a problem, he under- 
stands the principles involved. Tests 
and examinations are worthy of much 
more study than we give them. Stu- 
dents—even good ones—will direct 
their energies toward passing the kind 
of examinations which are given. If 
these consist merely of type problems, 
then the student will spend his time 
learning to solve problems, regardless 
of how much emphasis the instructor in 
class may place upon the basic principles. 

The question of units is one upon 
which I see no hope of agreement be- 
tween the departments of mechanics 
and physics, or even among instructors 
of physics themselves. As a practical 
matter I think we must use two or 
three different systems of units in 
physics. I would prefer that this pro- 
cedure be continued in mechanics. The 
student would profit much more by our 
instruction on systems of units if this 
instruction were continued in the me- 
chanics department. We find too 
many students who, after studying me- 
chanics, know only that they should 
divide weight by 32 to get mass. 

And now that I have mentioned mass 
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I am sure that those of you who know 
me well realize that I cannot go on with- 
out making some further remarks on 
the subject. I know of no topic in gen- 
eral physics which is more generally 
mistreated or obscured in text books. 
To say that mass is a quantity of matter 
is much worse than meaningless. Mass, 
as the term is actually used in mechan- 
ics, is the property of a body. It is that 
property which is more popularly 
known as inertia. It can and should be 
clearly defined. It is scarcely more 
difficult to define what we mean in 
saying that the mass of a body is 10 Ib, 
than it is to define what we mean in say- 
ing the length of an object is 10 ft. 
Neither of these definitions can be given 
well in one sentence. While we may 
properly speak of “the mass of a body,” 
it is just as improper to call this body 
either “a mass” or “a weight” as it is to 
call it a length. But I must not get 
started on this subject or we would 
need another day. 
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Let me now summarize what I think 
is important for the improvement of 
teaching in mechanics and physics. I 
do not propose radical changes, nor do 
I think a complete blueprint is desirable. 
The greatest improvement will come 
by continued discussions among all 
those who are teaching the two subjects. 
It is not necessary to strive too hard for 
agreement but rather each individual 
should try to see the point of view of the 
other. The benefits will result from 
the increased understanding whether 
or not there is complete agreement. No 
one should feel compelled to accept the 
other’s conclusions. Good teaching 
seldom results from compulsion. 

Finally, if you are a department head 
or an administrator, the greatest thing 
you can do is to give recognition and 
encouragement to the instructor who 
is taking an interest in teaching, and 
to see that there are plans whereby the 
new instructors receive help and ad- 
vice from those of longer experience. 


DISCUSSION 


By J. G. POTTER 
A. & M. College of Texas 


In considering the papers which have 
been presented, the most significant as- 
pect is the absence of any real division 
of opinion or division on mode of pro- 
cedure between the teachers of physics 
and the teachers of engineering me- 
chanics. The case of d’Alembert’s 
Principle is an especially good example. 
Both Professor Williams and Profes- 
sor Michener independently singled 
this out as a concept to be avoided in 
elementary mechanics. Although I 
know of one general physics text used 
in a fair number of colleges which han- 
dles problems in dynamics from the 





point of view suggested by d’Alembert, 
my observation has been that most 
physics teachers regard this as poor 
pedagogy, and the representative of 
the publisher of the book told me re- 
cently that this is always the first point 
raised by physics teachers in objecting 
to the book. From Professor Williams’ 
most effectual discussion of the dis- 
advantage of obscuring the Newtonian 
concept of acceleration in the presence 
of an unbalanced force by the d’Alem- 
bertian concept of an equilibrium be- 
tween this force and an imaginary 
kinetic reaction, one might suspect that 
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-he was accusing the physicists of this 
misdemeanor in pedagogy. However, 
I know on my own campus the physics 
department has been disturbed to find 
that it is the mechanics department 
which has been teaching the d’Alem- 
bert concept. 

Since we now see that this is a point 
of view which both departments find 
leads to trouble, allow the speaker to 
add his thrust at the concept. We try 
to build up an ideology based on New- 
ton’s second law to the effect that ac- 
celeration of a body always results 
when the vector sum of all the forces 
impressed on that body differs from 
zero, said acceleration being directly 
proportional to, and in the direction of, 
the vector sum of the forces, and in- 
versely proportional to the mass of that 
body. This condition represents a de- 
parture from a state of equilibrium. 
Then, please, let us not confuse the stu- 
dent by telling him that this vector sum 
of the forces is balanced by the “in- 
ertia force” or “kinetic reaction” equal 
to the mass times the acceleration. We 
teach a student to isolate a body and 
determine the resultant of all the forces 
which cause acceleration. Then let us 
encourage the student to relate this 
cause to its consequence, the accelera- 
tion of that body, and not confuse this 
acceleration with another force. 

The great majority of physics texts 
until recently have been deficient in 
their treatment of the location and iden- 
tity of the forces operating in a given 
dynamical situation. In this field many 
of the physicists have had to learn from 
the engineers. However, there is a 
growing realization among physics 
teachers of the desirability to emphasize 
the isolation of an advantageously 
chosen body of a system and to identify 
all the forces acting on that body. The 
physicists might advantageously culti- 


vate the use of the terminology “free 
body” to accord with that of the engi- 
neers. However, the habit in some 
texts automatically to tack the word 
“diagram” onto the words “free body” 
whether or not the context refers to a 
diagram, is scarcely to be emulated. 

One of the chief uses of Newton’s 
third law is to aid in identifying and 
evaluating the forces acting on the free 
body. It is very gratifying to find that 
the speakers for both the engineers and 
the physicists stress the importance of 
more attention to Newton’s third law, 
although it has been generally and prob- 
ably unjustly assumed by physicists 
that engineers neglect the third law. 
Personally, your speaker would like to 
see stricken from all texts the jingle 
and opiate, “To every action there is 
an equal and opposite reaction.” This 
conveys no definite information. The 
most helpful statement of the law I 
have seen is one given by Dr. Harley 
Howe in his book entitled “Introduc- 
tion to Physics.” It reads “Every 
force results from the interaction of two 
bodies. The two bodies exert equal 
forces in opposite directions.” Peda- 
gogically, would it not be desirable to 
present this law first and follow it with 
the second law which evaluates the 
consequences of the forces? 

The first law is, of course, simply 
emphasis of the fact that the second 
law still applies in the limiting case 
where the vector sum of the forces is 
zero. 

Returning to the second law, why 
not say “the vector sum of the forces”? 
The dynamical behavior in which we 
are interested can never be determined 
if any of the forces on the “free body” 
are left out of consideration. The con- 
sistent use of the term “vector sum” 
helps the student to avoid pitfalls. 

Most dissension over units stems 
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from the second law. It was interest- 
ing to hear Professor Williams refer 
casually to “the fundamental quantities 
of force, length and time.” Physicists 
are prone to speak just as casually of 
“the fundamental units of mass, length 
and time.” Is it not a mistake to take 
any system for granted? The experi- 
ence of the present speaker leads him 
to feel that when students are asked to 
face squarely the fact that a consistent 
and useful system of units can be set 
up in several different ways and that 
the choice of units is really a second- 
ary matter in the solution of a problem, 
units then do not present any very seri- 
ous hazard. Prof. Michener’s exhorta- 
tion that we recognize the existence of 
the subject of units and discuss more 
than one system deserves earnest con- 
sideration. 

Of course, we are not urging that 
departments of engineering mechanics 
teach metric as well as English systems 
in this subject. “In physics we are 
afflicted with necessity because we must 
lay a foundation in our mechanics for 
fields, such as electricity, where metric 
units appear exclusively. Electricity 
is advantageously approached from the 
mechanistic point of view of the me- 
chanics of charged particles. 

In the province of vector addition the 
speaker wishes to take issue with Pro- 
fessor Williams and many other teach- 
ers of mechanics and physics in making 
a point of “the difference in algebraic 
and graphic solutions for resultants.” 
Physically, two vector quantities have 
only one resultant. Its magnitude and 
direction are obtained by adding on to 
the magnitude of one of the quantities in 
its particular direction the magnitude 
of the second in its particular direction. 
In other words, the one vector is be- 
gun where the other leaves off and the 
resultant goes from the beginning of 
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the first to the end of the second. The 
means whereby accurate numerical data 
are obtained on this resultant are quite 
irrelevant to the mechanics of the situ- 
ation. There is an idea of vector ad- 
dition which should be given to the 
student quite apart from the mechanics 
of carrying it out. I will rely on the 
student’s resourcefulness to obtain a 
solution to the desired accuracy if he 
knows what he is trying to do. It is 
truly a matter of taste whether he gets 
the job done by relying on accurate 
drafting or on careful evaluation of 
trigonometric functions picked off a 
crude free hand figure. The engineer- 
ing student has the background to do 
either. 

On the other hand, when the stu- 
dent is told to lay off the two vectors 
from the same origin and then build 
a parallelogram, and that the Almighty 
says that the sum of the two vectors 
shall be the diagonal of that parallelo- 
gram, the whole essence of the idea of 
the addition of the vectorial properties 
is lost. The student has no more basis 
for regarding the diagonal of a paral- 
lelogram as the true resultant than he 
would for regarding as the resultant the 
diameter of a circle determined by the 
three points comprising the common’ 
origin of the two vectors and their 
other two termini. Naturally his trig- 
onometry used in evaluating the result- 
ant becomes just some more hocus 
pocus. Consider the student’s confus- 
ion when he is then told that if he has 
more than two vectors to add he can 
forget all about the parallelogram 
monkey business and simply add one 
vector onto the next. Admittedly, 
placing two vectors tail to tail and then 
completing a parallelogram and its di- 
agonal enables one to present two in- 
dividual vectors and their resultant all 
applied to the same point ; but we have 
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been told this afternoon of the ad- 
vantages of constructing our vector 
diagrams apart from the pictures of 
the members the forces are acting on. 
Your speaker can see no advantage in 
working a vector problem twice by con- 
structing a parallelogram when the 
triangle on one side of the diagonal of 
the parallelogram is sufficent and 
avoids the confusion we have been ob- 
jecting to. 

The present speaker is somewhat 
confused by the remarks which have 
been made on the teaching of moments 
of inertia. He has always felt it his 
duty in presenting mechanics to carry 
the student to the point where if he is 
given an assortment of non-concurrent, 
nonparallel forces acting on a body 
he knows how to go about analyzing 
the motion of the body completely in 
terms of a translational acceleration of 
its center of gravity and a rotational 
acceleration about an axis through this 
center of gravity. The speaker always 
deplores the use of the term, moment 
of inertia, to describe the identical in- 
tegral when it is used for purposes of 
analysis in the field of strength of ma- 
terials where the concept of inertia 
plays no role. 

A divergence of opinion has been ex- 
pressed between the two representa- 
tives of the Division of Engineering 
Mechanics on the use of the calculus in 
sophomore physics courses. In many 
of the midwestern and southern schools 
the matter is settled by the fact that the 
physics departments are forced to take 
some students who, because of mathe- 
matical deficiencies on entrance to col- 
lege, do not commence calculus until 
the beginning of their second semester 
of physics. Excluding this group, the 
question still arises as to whether an 
already overloaded course should add 
to its burdens by stressing mathemati- 
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cal methods which will, of themselves, 
add to its difficulty. More emphasis 
on mathematical methods will often 
necessitate less emphasis on physical 
‘concepts. Obviously, if the students 
have the mathematical tools readily 
available they may be used to ad- 
vantage in clarifying concepts. In this 
case the students should be required 
to use the calculus, for instance, in the 
solution of problems as well as in the 
development of general relations. 

The disposition to apply memorized 
formulas to the solution of problems 
instead of to try to recognize in the 
problems the operation of fundamental 
physical effects which, once recognized, 
can usually be handled by the student 
by his own analytical approach, prob- 
ably stems from a failure to develop 
self reliance on his analysis in the 
student before coming to college. The 
biggest job of a physics teacher is usu- 
ally the negative one of inducing stu- 
dents not to rely on memory but rather 
to rely on their ability to reason, making 
use of the mathematical tools which 
are their own. As earnestly as we put 
our souls into this endeavor it is dis- 
heartening to hear Dean Schubmehl re- 
port on the student who said that his 
“hardest task is to-“unlearn” all the 
formulas he had learned in physics.” 
We physics teachers are frequently told 
by our students that after they are 
through physics they are given formu- 
las by which to work their engineering 
problems. They boast that they do not 
have to bother to go back to funda- 
mental principles in their engineering 
courses. 

It is to be suspected that on formu- 
las, as on other counts, the pliysics and 
engineering mechanics teachers are in 
closer agreement than either group sus- 
pects. A prime difficulty seems to be in 
the style of the textbooks. The text- 
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book writer feels that his illustrative 
examples should be generalized alge- 
braic ones instead of arithmetical ex- 
amples. The result is that each il- 
lustration ends up in a formula. It is 
very difficult to persuade the student 
that the purpose of the illustration is 
to demonstrate a method of attack in- 
stead of to satisfy the writer before 
presenting the final formula. 
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Two conclusions are brought into 
sharp relief by this conference: first, 
that we could do mutually more satis- 
factory jobs with our students if we 
were allowed more course time in which 
to do it, and second, that more discus- 
sion between teachers of physics and 
teachers of engineering mechanics 
would lead to a better appreciation of 
what each is doing. 


By R. J. SCHUBMEHL 


University of Notre Dame 


Professor Williams is to be com- 
mended for writing a very fine paper. 
In the main I agree fully with his ideas 
stated therein, and you too I believe 
have heard little to criticise. 

There are a few points, however, 
concerning which some question may 
be entertained. With your kind in- 
dulgence I will cite these possible points 
very briefly and in the order that they 
are discussed by Professor Williams. 

I am inclined to feel that Professor 
Williams is a bit over-optimistic. Is 
the average student, starting a course 
in mechanics, equipped in mathematics 
and physics to the degree of proficiency 
indicated? Granted, he is able to han- 
dle the techniques of algebra, trig- 
onometry and geometry, he seems to 
lack completely the ability to see or ap- 
preciate that a mathematical equation 
is a statement of the relation between 
physical quantities expressed in sym- 
bols. To solve an oblique triangle, 
given two angles and a side, you must 
use the law of sines, but it rarely oc- 
curs to him that the law of sines ex- 
presses the relation of the sides of the 
triangle to the angles opposite the sides. 
And to develop such an equation or es- 
tablish such physical relations is a most 
difficult undertaking. The basis of this 








trouble dates back to grade and high 
school days, where analytical thought 
seems to be frowned upon or at least 
not encouraged. We should use every 
means possible to provoké such thought. 
The average student’s knowledge 
of physical laws seems to be of simi- 
lar quality. He has memorized a num- 
ber of formulas which can be used for 
typical problems. These formulas fail 
to express the condition, or result of 
any physical phenomena, and as a re- 
sult any problem which deviates from 
the type is beyond solution. Why then 
should not the fundamental laws be 
stressed more, and the problems limited 
to just the simplest necessary to drive 
home a point? Speaking of formulas, 
just recently I heard a student in me- 
chanics say his hardest task was to “un- 
learn” all the formulas he had learned 
in physics. This condition does not 
seem to be peculiar to students study- 
ing physics at any school. The large 
number of transfer students recently 
sent to us from the many colleges and 
universities by the Navy, gave no 
cause for any change in opinion. 
Calculus, for the average student, is 
quite mysterious in its applications. At 
the time he is taking physics he is just 
being introduced to the subject, and his 
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knowledge of it is extremely limited. 
I am not so sure that it is wise to en- 
courage the use of calculus in the 
physics course at this time. Would it 
not be better to offer a graphical repre- 
sentation? With his background of 
college algebra and analytic geometry 
it should not be too difficult to show the 
meaning and the value of, say, a time- 
velocity diagram and show him why the 
slope of the tangent to the curve repre- 
sents the acceleration due to the change 
in magnitude of the velocity. And by a 
careful selection of simple time-dis- 
placement or time-velocity relations it 
should be no great task by means of 
analytic geometry to find slopes, areas, 
etc. It should be a simple matter to 
show, for instance, that a a 
is true for only a very particular type of 
motion. It should also explain many of 
‘the difficulties, such as a particle hav- 
ing acceleration with no velocity, etc. 

On the other hand when the student 
starts mechanics, the methods of calcu- 
lus should be stressed. Perhaps it 
would be a good philosophy, at this 
stage, never to use a simpler type of 
mathematics if calculus will do as well. 
In using calculus he will soon learn (if 
he understands the graphic representa- 
tion) that he is doing the same thing by 
a different means. Perhaps calculus 
then would have some meaning for him. 
Differentiation and integration will take 
on a significance he never thought 
probable. Acceleration, for instance, 
and its components, even if expressed 
as tangential and radial, will take on 
a new importance. 

Professor Williams has expressed 
most cleary the difficulties encountered 
by the mechanics student regarding the 
characteristics of a force, the free body 
diagram and mass, and he has expertly 
pointed out the things relative thereto 
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that should be stressed, and has noted 
the pitfalls that should be avoided. 
Further discussion on these topics 
would be excessive. 

An elementary course in mechanics 
should demand of the student two 
things: a thorough knowledge of fun- 
damental principles and a proficiency in 
the application of these principles. The 
knowledge of Newton’s laws of mo- 
tion is imperative. But is a statement 
of that law imperative in the solution of 
a problem? If a hypothetical condi- 
tion can be assumed in problems involv- 
ing acceleration, as allowed by d’Alem- 
bert’s principle, and if this assumption 
aids in the solution of the problem for 
the student, I am definitely in favor of 
its use. The advantages to the student, 
I think, out-weigh the disadvantages. 
If he understands Newton’s laws, he 
will readily appreciate that the condi- 
tion is purely hypothetical and no false 
impressions should result. 

The definition of moment of inertia 
advanced by Professor Williams is ex- 
cellent. There should be a law ex- 
cluding all others. The only suggestion 
I have in this regard is that those por- 
tions of sophomore physics courses re- 
quiring the use of the moment of in- 
ertia be eliminated. The elimination 
may give just a little relief from the 
excessive amount of material that is 
taught in physics in the alloted time. 
Finally, the problems of units. This 
problem we shall always have with us. 
I would welcome any suggestion which 
would tend to relieve the unit trouble. 
So long as the answer requested is in 
feet per second, the student will get feet 
per second, regardless of the units of 
the factors he uses. 

Perhaps if we were allowed more 
time to teach mechanics some of the 
major difficulties could be overcome. 
With the trend being to add more hu- 
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manity hours to the curricula, it looks 
as if we shall be allotted less time in- 
stead of more. 

In discussing Professor Williams 
paper I mentioned several things about 
the teaching of physics. I am sure a 
more prudent person would probably 
refrain from saying any more. 

Prof. Michener has given us much to 
think about. The idea of having the 
physics departments meet with the me- 
chanics departments is excellent. I 
am wondering if it would not be pos- 
sible to have the minutes of some of 
these meetings published in the S.P.- 
E.E. journal so that the others of us 
might benefit therefrom. Surely the 
problems encountered in teaching phys- 
ics and mechanics are quite common to 
all schools. 

His opinion regarding the relative 
importance of teaching and research is 
well worth pondering over. With the 
publicity given to atomic physics, it is 
only natural that the other branches 
of physics should be slighted. Physics 
today means atomic physics. This 
should not be, for, whether we like it 
or not, we are still going to have to 
deal with simple mechanics. This lat- 
ter point should be stressed in any 
guidance offered a young instructor 
in physics. 

Prof. Michener has been well in- 
formed as to the shortcomings of the in- 
structions. But, if the recommendations 
he suggests are carried out I don’t see 
how there could be many problems re- 
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maining. The two things he pointed 
out, that I feel are of major importance, 
are: d’Alembert’s principle should not 
be introduced at the elementary physics 
level and, that the equation L = Ja, as 
well as some other equations, are defi- 
nitely limited. As was suggested ear- 
lier this afternoon, perhaps it would be 
wise if all topics involving “I” were to 
be eliminated from the first course in 
college physics. 

Prof. Michener also suggests that 
teachers of physics are criticised for put- 
ting too much emphasis upon the work- 
ing of problems. I think the teachers of 
mechanics are deserving of some criti- 
cism too and the same fault. It is nec- 
essary that the mechanics student be 
able to work problems, but it is defi- 
nitely more necessary that he under- 
stands principles. If he knows the lat- 
ter he need have little worry about the 
former. It might be said, though, that 
the mechanics student is in the transi- 
tion period between the study of the 
theory and the practical application. 
For that reason Coriolis’ law, the par- 
allel axis theorem, the theorem of Pap- 
pus, and Guldinus, or any other the- 
orem, may be used if the student is 
completely satisfied as to its verity. 

Finally, I would like to suggest that 
each and every teacher of physics or 
mechanics give Prof. Michener’s sug- 
gestion some very serious thought. 
I don’t think that any of us is in such a 
position that we cannot benefit by open 
and honest discussion. 














A Report on Mathematics Preparation for 
Engineering Colleges 


By FREDERIC H. MILLER 
Professor and Head, Department of Mathematics, The Cooper Union School of Engineering 


SIDNEY G. ROTH 


Assistant Professor of Mathematics, New York University 


For the past five years, we have been 


observing a deterioration in the mathe- 


matical preparation for admission to 
the freshman year of The Cooper Un- 
ion School of Engineering. This ob- 
servation is the result of essentially two 
factors: (1) We are constantly aware 
of the absence of certain mathematical 
facts and techniques in our students’ 
preparation, and (2) it has been im- 
possible to cover the same ground at 
the same rate as heretofore. 

To verify these observations, the 
Cooper Union Department of Mathe- 
matics called together a representative 
group from the several engineering 
colleges in Metropolitan New York to 
discuss the problem. The consensus 
at this meeting was that the mathemati- 
cal preparation for the profession was 
no longer adequate, although there was 
some disagreement as to the nature of 
the weaknesses. 

This conference was followed by a 
round-table panel, held four months 
later, among the representatives of the 
colleges who were present at the in- 
itial meeting and those of the high 
schools which are the prime sources 
of engineering students in this area. 
As far as we know, this represented a 
first attempt to bring together in such 
a manner the high school and college 
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teachers of mathematics to discuss 
their mutual problems. It was a pro- 
vocative session wherein certain con- 
clusions were drawn: 

(a) A vast majority of the high 
school people believe that their prime 
function is to educate all youth and 
not merely to prepare a relatively small 
percentage, although large in numbers, 
for college. Therefore, in mathematics, 
technique is not as essential or de- 
sirable as it was, say, ten years ago. 

(b) The range of mathematical topics 
taught in the high schools today at- 
tempts to encompass the field from 
arithmetic through topology, including 
calculus. 

(c) The high school teacher says his 
job is to emphasize concepts rather 
than techniques. 

We then drew up a questionnaire to 
test the validity of the above enumer- 
ated conclusions and circulated it 
among the academic high schools of 
the area. Fifty-seven schools were 
queried and twenty-eight replied. The 
schools which responded may be re- 
garded as representative of the whole 
group because they represented not 
only all New York City but also part 
of Northern New Jersey, Westchester 
County, and Long Island. 

The questionnaire is printed immedi- 
ately below with the answers for Part 
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I tabulated to the right of each prob- 
lem. Because there was some mis- 
understanding of operational and com- 
prehension levels, we lumped together 
EO and EC as E, IO and IC as IJ, etc. 
The numbers under each heading rep- 
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resent the number of schools treating 
the particular topic at the given level. 

Since the answers for Part II are 
not suitable for a statistical tabulation, 
we are presenting the results at the end 
of the summary of the results of Part I. 


QUESTIONNAIRE 


Part I 
A number of topics, with examples of varying degrees of difficulty, are 
listed below. Please indicate which examples are typical of topics treated in 
your standard courses, using the following key for convenience: 


E=Elementary Algebra. 
A=Advanced Algebra. 


I =Intermediate Algebra. 
T =Trigonometry. 


X = Not treated. 
For each typical example treated, please indicate also the level on which 


it is discussed : 


O=Operational level, at which the student is expected to perform and use 


techniques. 


C=Comprehension level, at which the student is expected to follow an 
argument but is not expected to reproduce it or devise similar ones. 


Simplification and Reduction 
1. 2a?— (a —3)(2a+1) 
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Factoring 

1. (a+b)?—3(a+b)+2 

2. 2x+4y+x?+ 2xy 

3. a+3 

4. x"—y" (n a positive integer) 


Completing the Square 
1. x?—6x 

2. x*°—5x 
3. 2x?+5x 
4. rx?+sx 


Recognition of Form 

1. 2xy+3x—5y+2 is linear in x and in y 
2. x®—3x3+-5 is a quadratic in x° 

3. 3x+2Vx+1+2 is a quadratic in Vx+1 
4 


. a*+a*+2 is an exponential function, 
quadratic in a? 


Simplification and Combination of Radicals 
1, 3¥2—5V8+ V18—4¥32 

2. aVa—Vb+2Va?+V25b 

3. Va. Va? 

4. V(a+b) Va+e? 


Solution of Systems of Linear Forms 
1. x+2y+32=5, x+3y—z2=—1, 2x—y—22=4 
2. ax+by=c, dxt+ey=f 
3. 2x2+3y?=5, x2+y?=1 
ee oe 
wey: ed 
5. x—3y+2=0, 2x—2=0, x—y=0 


Functional Variation 


VTE y=, behavior of y, asx—©,asx—>— «© 
3 : 
2. If I behavior of y, asx—1, atx=1 


Sit y=, behavior of y, asx”, asx—>— 
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Complex Numbers 
1, Simplification of (2+7)(3t-—4) —7% 
2. Expression of 3-1 in polar form 


3. Determination of fourth roots of 2+7 by De 3. 


Moivre’s theorem 


Solution of Rational Integral Equations 


1. By Horner’s method 
2. By Newton’s method 
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Lt ee ee eee 
2 | ee ee es See 
S23. Seine 


3. By the method of successive approximations xy e's 0 24 

Inequalities 

1. Proof that a*+?> 2a*b (a, b real and different) 1s 0 "6 G22 
- 

2. Values of x for which =—>0 Peete es 

Trigonometry 


: é : sin 20+2 sin 0 
1. Simplificat { —--———. — 
peacimcriiais sin 20—2 sin 6 


+co 


: 
2 


2. Solution of 2 cos? 206—2 cos 40=sin? 46 x. @..-6....6. 18.1 


3. Solution of sin x-+-cos—(1—x) =0 
4, Sketch and discussion of y=a sin (kx+)) for 


e ¢ #7 


period, amplitude, and phase angle 4, Gen} 413 


5. Evaluation of sin ve, cos 2 


Exponential and Logarithmic Functions 


1. Derivation of operational laws for a* 
2. Derivation of operational laws for log. x 


3. Graphing of y=a*, y=logax 
4, Limitations on the base a 


Pari II 


Please give brief statements con- 
cerning the following topics. Indicate 
what is treated and in which course, 
what you think should be omitted, and 
what you would like to see added. 


1. Solution of linear systems. Num- 
ber of equations (m), number of vari- 
ables (m); systems for which n > m, 








1. £9. 8.82.43 
Se eR ae aS 
Si iO her Mor Zr zs 
ees ee 


n <m; homogeneous and non-homo- 
geneous equations ; use of determinants 
(of what order?). 


2. Binomial theorem. Proof for 


every positive integral exponent (m) ; 
values of n for which theorem is used; 
determinations of kth term; discussion 
of binomial series when 1 is not a posi- 
tive integer. 

3. De Moivre’s theorem. Proof for 
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positive fractional 
powers. 

4. Infinite geometric progression. 
Discussion of limit concept; derivation 
of formula for sum. 

5. Inequalities. 
tional; where used. 

6. Methods of reasoning. Deductive 
method of mathematics; inductive 
method of science; contrast, and in 
what context. 

7. In trigonometry course, approxi- 
mately what percentage of time is 
spent on solution of triangles, analytical 
trigonometry (i.e., equations, reduction 
formulas, transformations), spherical 
trigonometry? What should the per- 
centages be? 

8. In advanced algebra course, ap- 
proximately what percentage of time is 
spent on calculus: limits, differentia- 
tion, integration, applications? What 
should the percentages be? 


integral powers, 


Absolute; condi- 


EXAMINATION OF RESULTS 


Let us first examine the results of the 
questionnaire and then comment upon 
them. Finally, we shall make some rec- 
ommendations which seem desirable in 
the light of our experience and because 
of the responses obtained. 


Simplification and Reduction 


We note that 15 schools postpone the 
simplification of the difference of two 
fractions with binomial denominators, 
such as item 3, until intermediate alge- 
bra. 

Ten schools do not discuss such sim- 
plifications as item 4 even in advanced 
algebra. 

Eight schools do not offer simplifica- 
tion of a compound fraction such as 
item 7. 

Eighteen schools of the total do not 
present as relatively difficult a problem 
as item 8. 
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Factoring 


One-half of the schools do not ex 





pect their students to handle a problem 


. such as item 2. 


Twenty of the schools either post 
pone the factoring of the form a* + } 
to advanced algebra or do not discus 
it at all. 


Completing the Square 


All of the schools but one expect 
their students to be able to handle this 
topic with the quadratic coefficient of 
unity. 

Nine schools do not expect their 
students in intermediate algebra to be 
able to complete the square of 2%? + 
5x; six of these do not treat the topic 
at all. 

Eleven of the total do not discuss 
anywhere the general case of complet: 
ing the square of rx? + sx. 


Recognition of Form 


More than half of the schools do not 
stress this concept by the end of the 
course in intermediate algebra. 

Half of the schools do not expect 
their students to recognize a quadratic 
form such as item 3. 


Simplification and Combination of 
Radicals 


Seven of the replies indicate that 
these schools do not discuss problems 
of simplification of the form of item 3. 

Sixteen schools do not go as far as 
simplifying a form such as item 4. 


Solutions of Systems of Linear Forms 


Five schools do not discuss, even in 
advanced algebra, 3 non-homogeneous 
equations in 3 unknowns. 

Seven of the total do not discuss 
homogeneous equations. 
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Functional Variation 

More than half of the replies show 
that a study of the variation of a func- 
tion, in the neighborhood of a point or 
as the independent variable goes off 
beyond bounds, is postponed until ad- 
vance algebra or is not discussed at all. 


Solution of Rational Integral Equations 


This topic is treated somehow in all 
but 2 schools with the greatest number, 
26, indulging in Horner’s method; 7 
taking up Newton’s method involving 
the concept of a derivative; and only 4 
using that of successive approximations. 


Inequalities 


Six schools do discuss absolute in- 
equalities of the form of item 1. 

Eight of the total take up conditional 
inequalities of the type 2. 


Trigonometry 


Twenty of the 28 schools take up a 
simplification of the form of item 1. 

Eighteen schools have their students 
solve equations such as item 2. 

Twenty-one schools do not discuss 
inverse functions in connection with 
the solution of an equation such as 
item 3. 

Half the schools do not discuss the 
graphing of functions of the form of 
itm 4. Several of the 14 which do 
expect their students to graph such 
functions do not treat such a general 
case. 


Exponential and Logarithmic Func- 
tions 
Nine of the 27 schools which an- 
swered question 4 do not mention any 
limitations in their discussions. 


Part IT 


1. In general, the only cases discussed 
are for n=m= 3. 
are not discussed. 


Determinants 
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2 and 3. The Binomial Theorem and 
De Moivre’s Theorem are not 
proved but rather discussed for pos- 
itive integral powers. 

4. Most schools claim to discuss in- 
finite geometric progressions. 

5. Most schools do not take up in- 
equalities. (See Part I.) 

6. This question was not answered 
satisfactorily and therefore we shall 
not comment upon it. 

. Approximately 40 per cent of the 
trigonometry is devoted to the solu- 
tions of triangles, with up to 30 per 
cent spent on spherical trigonometry, 
and approximately 30 per cent on 
analytical trigonometry. 

8. The consensus here is that the 
schools would like to take up some 
work in calculus but do not have 
sufficient time, although approxi- 
mately half do use at least 15 per 
cent of the advanced algebra for this 
work. 


N 


DISCUSSION OF THE RESULTS 


We concur that it is the duty of the 
high schools to educate youth for life 
and not only take care of the sizable mi- 
nority who go on to college. Also, we 
agree that in many instances it is not 
practicable to separate college prepara- 
tory students from the others. But the 
failure to do so results in lower stand- 
ards of the total course of study and the 
boy who intends to pursue a college 
career suffers thereby. 

The technical proficiency of our stu- 
dents is appallingly lower in general 
today than it was 5 or more years ago. 
This results from the weakened course 
of study. Perhaps we can state to those 
opposing technical proficiency in favor 
of surface acquaintanceship with the 
various fields of mathematics that the 
two are not incompatible. However, 
the boy who needs manipulative skill 
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will suffer if he does not experience the 
practice of these skills on a sufficiently 
high level no matter how glib he is with 


theories of infinity, Moebius strips, 


non-euclidean geometries, etc. 

The level of proficiency at which a 
boy operates in general is lower than 
that at which the instructor aims. This 
elementary fact explains why intermedi- 
ate algebra includes a wholesome re- 
view of elementary algebra and why a 
course in advanced calculus generally 
begins with the limit concept and the 
determination thereof, etc. In other 
words, it is poor mathematics as well 
as bad pedagogy to state that a student 
only has need of operation A and 
therefore we shall teach only opera- 
tion A. As some teachers would phrase 
it, “Teach only that which has applica- 
tion.” Shades of Abel, Bolyai, Galois, 
Riemann, et al! 

The high schools today are attempt- 
ing to do a dual job at once; prepare 
those who wish to go to college and ed- 
ucate others through a terminal course. 
The students in the latter group com- 
prise a clearcut majority today as op- 
posed to the academy and high school 
populations of 50 years ago which were 
heavily college preparatory in scope. 
Consequently a dilemma arises: What 
mathematics is to be taught to these 
students to make them aware of this 
one unbroken link of civilization? The 
answer as prescribed by the schools 
seems to be a relatively small degree 
of technique throughout the high school 
curriculum with a multitude of topics 
of interest covered in advanced algebra 
and other special courses. 

To become more specific, the re- 
sponses to the technique questions are 
testimony to the elimination or post- 
ponement of technics in high school 
mathematics courses with the result 
that there is a heavy mortality in fresh- 
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man mathematics at college. g 
school teachers of mathematics wergjori 
to realize that algebra is a language fo 
which there is no substitute, then 


he reaches college. 
students whose schools do not trea 


courses or not discussed at all—factor- 
ing is becoming a lost art. Further 
more, we notice that completing the 
square on a general quadratic function 
is regarded either as useless or to 
difficult by a large group. We should 
like to know how the quadratic formula 
is derived for these students. More 
over, how are such people expected tofli 


Simplification 
Radicals. Does not such a topic have 


a rightful place in the syllabus anyfon tri; 


longer ? 


the method of determinants which 
probably accounts for the very narrow 
attack on the problem. Why not? Are 


determinants less valuable as a tool or}iivisic 


differential calculus? 


We note in response to the queries}itdica 
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If higifon Recognition of Form that the ma- 
1atics wergjority of the schools postpone the in- 
troduction of this concept to advanced 
algebra or do not introduce the student 
The concepts of function 
qgand variation of function are primary 
by the timeeven at the elementary stages of mathe- 
- will thos{matical preparation. Yet we observe 
» not treaffthat more than half of the schools do 
mplification{not present the behavior of a function 
to handk§or else postpone it to advanced algebra 
of difficultyfbut somehow teach the processes of 
mes met inpdifferentiation. Apparently the phrase 
a workingg “continuity of a function” is unheard of 
resupposedgin this treatment of differential cal- 
of factoringgculus. Does this represent the teaching 
the upperfof concepts instead of techniques? 
all—factor— The most useful method of solving 
Further-fequations of higher degree is the one 
pleting thefwhich is taught the least. Successive 
ic functionfapproximations employs the concept of 
ess or toogvariation of function through analysis 
We shouldfand graphing but is put aside for Hor- 
tic formulafner’s method which requires needless 
More-fcomputation and theory and also has the 
xpected toflimitation of being useful solely for 
rhich manyfilgebraic polynomials. 
One final remark about the teaching 
t now forfof concepts! The laxity with which 
exponentsfmany mathematical concepts are taught 
e that lessfshould be overcome. We notice that a 
e requiredfaumber of schools do not point out 
(4) underflimitations on the base a when discus- 
nation offsng the logarithmic or exponential 
Pick up a high school text 
labus anyfon trigonometry and probably staring 
ws in the face will be a statement that 
s of linearftan 90° = + «©. (Unfortunately, too 
» note thatfmany college texts will say the same 
ls employs fthing !) 
its ~which 
ry narrow 
not? Are} The advisability of adhering to the 
; a tool orfiivisions of academic and vocational 
on of thefshools and the separation of college 
preparatory students from others is 
1e queries}indicated. In this manner the high 
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schools can provide those who require 
more mathematical skills with the neces- 
sary practice and without worrying 
about the value of this procedure for 
those who have no need of detailed 
mathematical training. Under present 
conditions, a certain group of boys has 
come to us with a sophistication in 
mathematics which is easily pricked 
when the time comes for doing some- 
thing instead of talking about it. 

We firmly believe that the colleges 
should not dictate to the high schools 
what is to be taught at that level for all 
students but rather indicate what is 
desirable preparation for college work. 
Thus those who intend to continue 
with their mathematical studies will 
not be the victims of anemic courses in 
mathematics where the bromides and 
jargon predominate and technics are 
sacrificed because they are too difficult 
or unnecessary for a large group. 

We believe that all students who 
pusue mathematics either as an end or 
a means, beyond the secondary school 
level, should come to the colleges skilled 
in manipulation with the concepts of 
mathematical thinking so that an undue 
amount of time need not be spent on 
“review” of the elements. The level 
at which most freshmen courses are 
conducted today is too elementary and 
often degenerates into one of develop- 
ment of the work which should have 
been a part of the student’s mathemati- 
cal equipment upon entering college. 

Therefore, we make the following 
specific recommendations : 


1. The courses in algebra should be 
stepped up so that a higher attain- 
ment of skills can be accomplished 
at the end of each. Some of the 
techniques in intermediate and ad- 
vanced algebra should be placed in 
the elementary algebra course and 
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then reviewed and extended in later 
studies. One of the ways of ac- 
complishing this goal is by a study 
of functional form, another is by 
eliminating extraneous topics. 

. We believe that the results of the 
questionnaire demonstrate that the 
schools are not teaching concepts 
any better than techniques and con- 
sequently the whole course suffers. 
In the regular courses of mathe- 
matics from elementary algebra 
through trigonometry and advanced 
algebra, the many gaps of techni- 
ques and concepts should be closed. 
This can be accomplished by leav- 
ing for honor classes extended dis- 
cussions of theories of infinities 
(we have had students with all the 
words on this topic because they 
took courses in it but couldn’t do 
simple algebra) ; topology (the stu- 
dents from certain schools receive 
stimulation from the enchanting 
wonders of analysis situs because 
their instructors are versed in the 
subject—but they don’t learn the 
fundamentals of algebra and trig- 
onometry); etc. The time saved 
by the omission of these topics can 
be utilized by practice in manipu- 
lation on a higher level; by more 
careful treatment of derivations so 
that the students learn the nature 
of a proof; by a systematic study 
of deductive reasoning as opposed 
to inductive reasoning throughout 
the high school curriculum not 
only in geometry, etc. 

. A discussion of determinants has 
legal status in a regular course in 
advanced algebra and was a part 
of the syllabus not too long ago. 
This study should include not only 
evaluation of second and third 
order determinants but some of the 
standard elementary properties on 
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. Remove the section on spheri 


. The value of the trigonomet 


. Re-introduce inverse trigonometti 


. If additional topics in algebra 


. Replace the study of Horner’ 








rows and columns, minors, appli 
cation to systems of equations 
linear form beyond the third order 
homogeneous as well as non-homog 2. 
geneous. In connection with Cr 
mer’s Rule, we have a splendi 
opportunity to tie up concepts 
geometry and algebra through t 
interpretation of the systems. 

























trigonometry from the trigonometn 
course. Its inclusion during 

war period was based on the s 
cious argument that spherical trig 
onometry was useful for naviga 
tion. Perhaps the validity of su 
a statement would be unquestion 
if the war referred to was Worll 
War I. The modern methods @ 
navigation are based on relative 
extensive tables and devices fo 
computation. In any event, the 
dire need for navigators is past! 


course would be enhanced if the 
were a greater detailed analysis @ 
transformation of functions and i 
more attention were paid to th 
graphing of trigonometric func 
tions of the form y =a sin (Kxt 
b) or y=A sin x + B cos x. 


functions and emphasize radiaq 
measure. Use both more fr 
quently. 


needed, we suggest work on ab 
solute and conditional inequaliti 
the graphing of more difficult func 
tions with finite and infinite di 
continuities, more detailed work 
exponential and logarithmic fune} 
tions and equations, etc. 


method with the method of succes 
sive approximations or at | 
teach the latter along with 
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traditional. By doing so, other 
types of equations can be treated, 
e.g., exponential and trigonometric. 


. Avoid loose talk on all concepts, 


., a—b 
e.g., tan ; does not exist, os ta 


provided that a), lim : does not 
z—>0 


exist, etc. 


. If the schools persist in teaching the 


concepts of calculus, why not teach 
them in a separate honors course 
where a sufficient amount of time 
can be devoted to a proper de- 
velopment. Under the present 
syllabus, the optional topics of 
calculus crowd out many of the 
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desired features of a good advanced 
algebra course. Many of the topics 
which we have mentioned and 
which are now treated superficially 
in the traditional courses can be 
developed in better fashion in this 
honors course. 


We emphatically believe that the high 
schools would be doing a much better 
job for the college preparatory stu- 
dent by following the recommendations 
as outlined above. Further, the Amer- 
ican student of mathematics would: 
progress faster in his college career if 
he were to pass over the threshold with 
the background proposed. 






































“Preventive Medicine” in Engineering Education 


By GEORGE W. REID 


Associate Professor of Civil Engineering 
Georgia School of Technology 


Despite the current popularity en- 
joyed by public health and sanitary en- 
gineering, both intra-and extra-murally, 
it appears to me that one important 
educational phase is being immeasur- 
ably neglected. This phase, and I pre- 
fer to call it “preventive medicine in 
engineering education,” deals with the 
training of engineers other than those 
in sanitary and public health. It is 
roughly analogous to the comparison 
of preventive and curative medicine, 
wherein, for instance, the engineers 
practice the prevention of typhoid fever 
by the purification of water and milk. 
This phase of the education of the en- 
gineer should give him sufficient knowl- 
edge to recognize industrial and do- 
mestic health problems when he en- 
counters them, to know where to go 
for expert advice, and lastly, to know 
how to apply that advice. 

A program such as this should make 
possible effective “stop-at-the-source” 
as well as “early diagnosis” of health 
hazards. In addition to the actual 
financial saving to industry itself in 
time, insurance, and labor relations, the 
service of the existing sanitary engi- 
neering facilities could be greatly ex- 
panded. Carrying the analogy further, 
the Sanitary Engineer would cure the 
hazards after they cause damage while 
the plant engineer, by early diagnosis 
or preconsultation, would prevent the 
hazard from ‘arising; thus, “preventive 
medicine.” 


638 


There are now existing glaring in- 
stances in the everyday life of the prac. 
ticing Sanitary Engineer, where 3 
minimum amount of training in public 
health responsibilities to other engi- 
neers would greatl:; assist him in ‘his 
work. For example, consider the mul 
titude of cases of “man-made malaria’ 
caused by civil engineers through in- 
advertently-placed culverts and barrow 
pits or reservoirs, so constructed as to 
provide prolific breeding grounds for 
malaria mosquitoes. Some acquaint: 
ance with the fundamental sanitary en- 
gineering considerations involved in 
malaria control would completely elimi- 
nate the curative engineering necess:- 
tated. The multitude of “Cross-cor- 
nections” encountered should further 
this testimony. 

Quite frequently, architects as wel 
as civil engineers are called upon to de 
sign food processing facilities such a 
ice houses, kitchens, canneries, milk 
plants and the like. These installations 
are seldom adequate from a health en 
gineering standpoint, therefore, the ex 
perience of the average public health 
worker is to find much of their time and 
energy employed in the correction ¢ 
the resulting health hazards. This 
could be salvaged if they were calle 
in on initial design. One of the mort 
serious diseases confronting the nation 
today, particularly in the South, is ty- 
phus fever, and one of the most impor 
tant preventive measures is that of 
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“at-proofing” dwellings. If the ar- 
chitects were advised in advance of this 
necessity, all “rat-proofing” activities 
could be curtailed. Recently the Amer- 
jan Public Health Association has 
made available a pamphlet entitled “Ba- 
sic Principles of Healthful Housing” 
which is a further indication of the 
trend. 

How many mechanical engineers who 
are responsible for exhaust systems in 
industrial plants have a working knowl- 
edge of the noxious substances which 
they are required to exhaust or their 
physiological effects on man? For ex- 
ample, many noxious gases from weld- 
ing, contrary to common opinion, can- 
not be safely removed by general ventil- 
ation because of their very low toxic 
limits or their accumulative effects. 
Quite often, due to the localization of 
the gases at the point of generation and 


usually in the face of the welder, the © 


exhaustion of enormous quantities of 
air develops a false sense of security. 
But time and time again the industrial 
hygiene engineer is confronted by an 
daborate general exhaust system hand- 
ling large quantities of air when a sim- 
ple “point” exhaust system would be 
the satisfactory answer. 

The great majority of the noxious 
gas exposures come under the jurisdic- 
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tion of the chemical engineer. In gen- 
eral, he is cognizant of the acute ex- 
posures usually encountered, and per- 
haps a certain amount of the dermatitis, 
but seldom the more insidious pro- 
longed exposures. For instance, it was 
the author’s experience to observe a 
degreasing operation using trichlor- 
ethylene as a solvent in which the un- 
protected workers were required to 
work over day after day. Prolonged 
exposures to trichlorethylene running 
literally into years result in serious 
physical damage and possible death, and - 
with very little hope of repair. The 
engineers in charge of like processes 
could not be expected to be specifically 
informed, but had they had some ad- 
vanced information they could have 
been alert to such hazards and called 
in the services of the State consultant 
or Federal Public Health Agencies, 
and more important still, had they the 
willingness and ability to cooperate, 
such situations, in all probability, could 
be eliminated. 

It is the author’s belief that in most 
every phase of engineering there is 
some marginal infringement on health. 
(See Table.) Furthermore, it is his 
belief that this health infringement is 
the responsibility of the engineer in- 
volved, and that by giving him the 










CHART INDICATING PHASES OF ENGINEERING AND INFRINGEMENT ON HEALTH 
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necessary knowledge to recognize the 
hazard, to know where to go for help, 
and to know how to receive and apply 
expert advice, he can shoulder this 
responsibility. 

It is only fair to bear in mind that 
any work or process that can in any 
way affect the worker, affects also the 
health and welfare of the entire com- 
munity. Thus the burden of cost of 
such training can and should logically 
fall on the people as a whole. Though 
not advisable, making this mandatory 
would be reasonable. 

_Also as previously noted, consider- 
able saving in time and energy of the 
sanitary engineer can be a result of 
such training. First, other engineers 
will become receptive to services of the 
sanitary engineer. They will have es- 
tablished a common nomenclature, 
while now much valuable time is lost 
to sanitary engineers in explaining the 
basic problems. Second, the sanitary 
engineer will no longer spend his time 
searching out problems. Third, the 
burden of minor problems will be elim- 
inated. Fourth, time required in fol- 
lowups will be greatly reduced. Fifth, 
the sanitary engineer will have plenty 
of time to extend his services to new 
and urgently needed fields of investiga- 
tion and all of this will logically result 
in a saving to the community at large in 
increased production and better living. 

Realizing the engineering curricula 
are grossly overcrowded, it is still the 
considered opinion of the author that 
every engineer should become actually 
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acquainted with the actual problems 
confronted by the practicing sanitary 
engineer, created by other engineers 
like himself. All engineers should have 
a speaking knowledge of food and 
premise sanitation; water supply, sew- 
age, and waste disposal ; and industrial 
hygiene. It is suggested that this ma- 
terial might be in the form of descrip- 
tive course work in the senior year 
with a supplement of film strips and 
movies which, it is the author’s under- 
standing, will be made available shortly 
through the agency of the U. S. Public 
Health Service. 

Rather than a complete course de- 
voted to these plans, perhaps the selec- 
tive insertion of pertinent material by 
means of a lecture or two in an estab- 
lished senior course would work best. 
Thus, the chemical engineers, for ex- 
ample, might get two or three lectures 
on chealth consideration applied to 
chemical engineering in a senior sem- 
inar. Further, it might be possible to 
so schedule this material that a stu- 
dent could follow the course and lec- 
turer from department to department 
and get all the material as well as 
course credit. The lecture should, of 
course, be developed by the Sanitary 
Engineering Department. 

Every engineer has a responsibility 
for the processes that he creates, the 
purpose of this training would be to 
develop this responsibility and at the 
same time effect considerable saving in 
time, energy, and lives of all concerned, 
engineers, workers, and management. 
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Qualifications for Professional Positions in Applied 
Mathematics and Related Scientific Fields 


By RICHARD S. BURINGTON and DONALD C. MAY * 


Research and Development Division, Bureau of Ordnance, Navy Department ** 


I, INTRODUCTION great research laboratories, private and 
governmental, should be gratifying to 
those who have recognized the contri- 
bution which mathematics can make to 
many fields of activity. This trend 
indicates that the practical value of the 
work that can be done by the mathe- 
matical profession is receiving a much 
wider recognition outside of academic 
institutions than ever before. The new 
opportunities thus opened for the 
mathematician afford wide and interest- 
ing fields for service. Some indication 
of these opportunities, and the advan- 
tages to industry, business, and govern- 
ment which would result from use of 
mathematically trained people, have 
been discussed previously.} 

The potential variety of useful ap- 
plications of mathematical sciences are 
‘ ; 2 so numerous that they can scarcely be 
the factors considered in this Paper foreseen; certainly a rapid expansion 
apply equally well to all professions. is now in progress. The demand for 

The recent growing trend for mathe- people trained to do such work has in- 
matically trained people to find employ- creased markedly. It has become in- 
ment in industry, business, and in the creasingly important for university and 
a i G college administrators and faculties to 

The authors wish to express their ap- provide appropriate mathematical train- 
preciation for the constructive suggestions P : 
and critical comments made by Captains ing which will attract and meet the 
Phillip Niekum, Jr. and K. S. Masterson, needs of students who intend to pursue 
U.S.N., Mr. Fletcher Byrom, Engineer, and these applied fields as a career. A sug- 


Dr. C. T. Bumer, Mathematician, in connec- ini i 

tion with the preparation of this paper. sented training Program specifically vial 
**The opinions expressed in this paper + “New Frontiers” by Richard S. Buring- 

are those of the authors and are not neces- ton, Science, March 30, 1945, Vol. 101, No. 

sarily those of the Navy Department. 2622, pp. 313-320. 
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Industry, government, and other or- 
ganizations doing pure and applied re- 
search are now making a much greater 
use of men and women trained in the 
mathematical sciences than in the years 
prior to the war. This trend may be 
expected to continue for a long time. 
What qualifications should these people 
have in order to work most effectively ? 
What should their employers look for ? 
What should determine the professional 
ratings of mathematically trained em- 
ployees in an organization? This paper 
discusses some of the factors of im- 
portance in answering these ques- 
tions which are becoming increasingly 
important for industrial and govern- 
ment employers as well as university 
and college administrators. Many of 














642 


these students has been given before, 
which was intended to supplement the 
more common type of training leading 
to a career in academic mathematics. 
The quali‘cations of a good teacher 
in mathematical fields have been widely 
discussed by many people. The quali- 
fications of an academic research 
worker in mathematics are matters in- 
volving unique and individual talent; 
these have received much attention 
from professional mathematicians in the 
universities. However, in contrast, the 
qualifications which individuals in the 
mathematical sciences should have for 
work in industry and research organi- 
zations, private and governmental, have 
not been so widely studied, principally 
because relatively few mathematicians 
have been used outside the universities 
and colleges prior to World War II. 
Since mathematicians are being used 
so widely now, it seems appropriate to 
discuss some of the qualifications de- 
sirable in the applied fields. It is well 
recognized that an individual will gain 
an important part of his qualifications 
from the technical training and atti- 
tudes imparted during his college years. 
With increasing interest in careers in 
applied mathematics on the part of 
both students and employers, the uni- 
versities and colleges have an oppor- 
tunity and a responsibility to prepare 
men so that they will be able to render 
the best possible service in these fields. 
The remarks in the remainder of this 
paper concern general qualifications, 
qualifications for specific ratings, and, 
briefly, some problems associated with 
estimating how an individual measures 
up to desired qualifications. Although 
the mathematical opportunities in in- 


¢ “Training of Mathematicians” by Richard 
S. Burington, JouRNAL oF ENGINEERING 
Epucation, December 1941, Vol. XXXII, 
No. 4, pp. 346-352, 
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dustry, business, and government are 
stressed, much of the discussion also 
applies to other fields, just as much of 
it also applies to teaching positions, 
and other positions more of a research 
character, in institutions of higher 
learning. 


II. GENERAL QUALIFICATIONS 


The following characteristics are be- 
lieved to be among the most important 
ones for successful work in industry, 
research centers, government, or any 
organization using applied mathemati- 
cal fields. 


Character. 

Technical ability, routine and crea- 
tive. Aptitude for research. 

Attitude toward work. 

Productiveness. 

Initiative, enthusiasm, interest. 

Ability to take responsibility. 

Cooperativeness, loyalty, willing- 
ness to support the organization, 

Trustworthiness, including proper 
sense of security. 

Administrative ability and judg- 
ment. 


Character is considered in many 
places to be the most important quali- 
fication, and as such receives first con- 
sideration in hiring, retaining, and pro- 
moting personnel. A comprehensive 
definition of the term character is too 
involved to give here. As Dr. Albert 
Hull of the Research Laboratory of the 
General Electric Company has so ably 
discussed in a recent paper,* character 
includes many of the virtues, such as 
courage, self-discipline, honesty, and 
generosity. He states that honesty “is 
the basis of true friendship and team- 


* “Selection and Training of Students for 
Industrial Research” by Dr. Albert W. Hull, 
Science, Feb. 16, 1945, Vol. 101, No. 2616, 
pp. 157-160. 
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york, and hence is an essential require- 
nent in a cooperating group.” Re- 
garch workers must not only avoid 
deceiving others, but must be most 
areful not to deceive themselves. As 
Dr. Hull points out, it is most im- 
portant that the candidate be able to 
distinguish between wishful interpre- 
ation of data and the true significant 
interpretation of that data. The scien- 
ist must be capable of facing impar- 
tially the facts presented if he is to do 
agood honest job. 

It is generally recognized that no re- 
garch organization can afford to em- 
sloy a man who lacks a generous spirit 
of cooperation with his colleagues. He 
annot expect to receive this coopera- 
tion without giving it freely and gen- 
erously. 

Perserverance and endurance, -along 
with honesty and ability to work with 
others, may well be even more im- 
portant than outstanding mathematical 
or scientific ability. 

In addition to all of these charac- 
teristics, there should be added the 
importance of personal habits and ap- 
pearance. These clearly play an im- 
portant role in a-person’s ability to 
make significant contributions in the 
lng run, as well as in his ability to fit 
into a working organization. Such 
characteristics as ability to meet and 
deal with other people, ability to keep 
akeen and constructive critical sense, 
tact, enthusiasm, drive, neatness, and 
ahost of others are basic qualifications 
desirable for almost all kinds of pro- 
fessional work. 

A broad meaning is attached to 
‘technical ability.” Expert familiarity 
with the methods and results of a tech- 
nical field is of course a first requisite. 
However, a scientist can only be pro- 
ductive, and his results and opinions 
of value, if he can do more than apply 
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his knowledge as a technical tool. He 
must have maturity of thinking, breadth 
of ideas, versatility, and an appreciation 
of the relation of his subject and his 
work to the general program for which 
he is employed. Such characteristics 
cannot be ensured merely by passing a 
certain number of courses, by academic 
degrees, by membership in scientific 
organizations, or by the ability to solve 
problems for specific tests. Likewise, 
mere years of experience do not indi- 
cate a man’s value, certainly without 
some inquiry into the nature of the 
experience and the success achieved. 

If the position is a research one, the 
candidate must be endowed with a large 
amount of imagination, curiosity, and 
analytical power. This imagination 
must be a “controlled” one; it should 
include the ability to visualize new 
situations and to anticipate various 
possible consequences. Without this 
power of imagination, the candidate 
will not be apt to be useful as an 
investigator, though he may be ex- 
tremely useful in solving certain types 
of problems which are set up for him 
to work on. 

Unless a candidate for a research 
position has a well developed ability to 
size up a situation or experiment, he 
is very apt either to draw no conclu- 
sions at all, or else to draw the wrong 
conclusions. He must be able to see 
the balance between the main issues and 
the details, in order that he will not 
become so involved in the complexities 
of side issues that the principal desired 
results will be long delayed or over- 
looked. 

One of the very important qualities 
for a research position is curiosity, re- 
search “for the fun of it.” Unless a 
worker can derive real satisfaction from 
his efforts at research, he cannot de- 
velop into a good research worker. 
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The attitude of a candidate for a 
position (be it research or not) toward 
his work, his colleagues, and his chosen 
field is often of greater importance 
than his knowledge. If he loves his 
work, if he is enthusiastic to know 
more, if he never can find time enough 
to get done all the work he wants to 
do, during a day which is habitually 
“too short,” then he may be a most 
promising candidate. 

These qualifications apply equally 
well to every type of professional 
worker. 

The technical accomplishments of an 
employee also depend on such impor- 
tant items as scientific “common sense,” 
decisiveness, soundness of judgment, 
stability, professional progressiveness, 
and willingness to undertake projects 
in all necessary details, including 
routine and uninteresting aspects of 
problems which may be required in 
order to obtain useful results. 

All too frequently a situation arises 
where a problem cannot be solved 
quickly, yet the broader problem of 
which it is a part demands an early 
decision. In these situations a tech- 
nical judgment must be advanced. De- 
cisiveness is essential even though there 
is a risk that the decision may prove 
to be wrong. Such risks, when neces- 
sarily taken, become appreciably less 
if the individual making the decisions 
can base them on a mature realization 
of the degree of guesswork involved, 
and if he can evaluate the consequences 
and provide for an incorrect guess or 
decision. By common sense judgment 
is not meant “crystal ball gazing” or 
mere hunches; it is judgment based on 
a clear knowledge of the uncertainties 
involved, and the extent to which the 
decision depends on them. 

The applied scientist soon finds that 
tests, experiments, developments and 








QUALIFICATIONS FOR PROFESSIONAL POSITIONS 


the like are frequently not carried out 
in the best manner from a technical 
point of view. This may be irritating 
to him, and he will be inclined to fight 
for his point of view. He must soon 
learn, however, that there are many 
adjustments that have to be made be- 
tween purely technical considerations 
and matters of expediency, practical, 
economical, political, and otherwise, 
completely out of his control. He must 
be able to adjust himself to such situa- 
tions while maintaining his technical 
standards, and must show strength in 
steering the inevitable compromises in 
directions which are sensible and as 
nearly as possible in accord with best 
scientific ideals. 

Stability and pertinacity are im- 
portant in any work, and particularly 
so in applied scientific fields where 
practical finished “results” are ex- 
pected. The individual who flits from 
one item to another, following his in- 
terests or merely doing the more at- 
tractive part of each task, soon finds 
himself at odds with his employer, even 
if in the long run his position requires 
a great versatility and knowledge in 
many fields. 

The work of a group of scientists 
must be timely and must take account 
of changing situations. In judging an 
employee it is important to take account 
of his probable progressiveness in the 
future, as well as his past record. A 
continued constructive interest in the 
actual work and progress of the or- 
ganization is essential, with foresight 
and ability to anticipate needs. 

A common criticism of employees 
who work under a “tenure of office” or 
“seniority” system is that they tend to 
“get in a rut” and cease progressing 
in their professional field. This is 
often said of government employees, 
but it is equally true for many other 
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pes of workers. They can be found in 
wlleges, universities, railroads, indus- 
fies, and many other places. This 
filure to keep alert and maintain 
interest in the progress of a science, 
which is constantly growing, results in 
a seriously lower standard of accom- 
jishment in any organization. In some 
felds, where the subject is new and 
growing and where the competition is 
keen, the whole purpose of mathe- 
matical analysis would be defeated if 
the studies were not kept strictly up 
to date and in keeping with the latest 
developments. 

A mathematician should be encour- 
aed to maintain a professional stand- 
ing among others in his field, by par- 
ticipation in professional activities not 
limited to his immediate job require- 
ments, in so far as this does not inter- 
fre with his job. In some cases it 
may be highly desirable to arrange 


| working conditions in such a way that 


the incumbent of a scientific position 
aan spend one quarter or more of his 
normal working hours in research of 
his own choice. Of course the authori- 
ation of this privilege should be 
granted with great care and such a 
privilege should be subject to cancella- 
tion if the employee does not prove 
worthy of it or if the work load in an 
emergency requires its abandonment. 
However, some amount of activity and 
study of this type will actually increase 
the effectiveness of regular work. 
Likewise the young worker in the 
mathematical sciences who wishes to 
become expert at applying his subject 
ina wide variety of ways should make 
a business of meeting people in other 
professions, reading papers in their 
fields, discussing their problems with 
them, attending meetings of their so- 
tieties, and the like, so that he can 
better understand their ways of think- 
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ing and doing business and their many 
problems.: This sort of sympathetic 
and friendly mixing will do much to 
break down the barrier which fre- 
quently grows up between workers in 
various fields, and will aid in the train- 
ing of the individual for better things 
in his own chose¢ field. This is true 
of the pure mathematician also, since it 
will give him much inspiration and 
source of material and ideas for his own 
investigations. The outlook so ob- 
tained may aid materially in preventing 
his pure research from becoming glori- 
fied trivialities. 

Another “outside” activity of value 
to the younger applied scientists is 
teaching. The young worker in applied 
mathematics, as in pure mathematics, 
who is striving to build up his technical 
proficiency will find no better training 
than to teach elementary collegiate 
mathematics for a time. This can often 
be done, when appropriate, in neighbor- 
ing night schools, colleges, junior col- 
leges, and so on, and a modest amount 
of such teaching work should be en- 
couraged by employers since it will 
enhance the usefulness, understanding, 
and technical proficiency of the young 
mathematician. Likewise, in many po- 
sitions, unless the incumbent has the 
ability to explain and write things ac- 
curately, yet simply and intelligently, 
he cannot hope to succeed. Such ability 
undoubtedly would often be enhanced 
by teaching experience, and this is 
another reason why teaching experience 
may be very beneficial for those who 
would enter research, industry or other 
forms of non-academic endeavor. 

Circumstances of work and person- 
alities may determine just which pro- 
fessional activities outside of the im- 
mediate job, such as mentioned above, 
can actually be carried out. In all 
cases, however, an inherent ‘interest in 
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such activities is important. The suc- 
cessful applied scientist certainly must 
have an open and curious mind, a pro- 
gressive interest, and the irresistible 
drive to investigate and participate in 
scientific activities which would make 
him naturally become involved in 
worthwhile outside undertakings in- 
volving his science. His qualifications 
are questionable indeed if he doesn’t 
at least want to do such things. 

The scientist in industry may not 
always be able to devote himself to the 
field he prefers or thinks he prefers. 
It is necessary to fit into an organiza- 
tion, to abide by rules and priorities, 
to cooperate with a general program, 
and, in short, to “do what the boss 
asks.” One must do this even if he 
does not want to or if he disagrees with 
the order. This is a situation which 
the university teacher can avoid to 
some extent by directing his personal 
research into fields of his current liking. 
In industry, government or other or- 
ganizations where there is a limited 
choice, it is essential to be able to ad- 
just to a prescribed procedure and to 
understand the need for it. Of course 
one can make suggestions and need not 
accept decisions blindly, but work will 
not be effective if the individual feels 
suppressed or if he is always battling 
against his organization and his cir- 
cumstances. Fortunately, most en- 
thusiastic people entering an applied 
scientific job soon learn enough about 
it to become thoroughly interested and 
anxious to do something worthwhile. 
Their previous interests and their per- 
sonal situation in the organization then 
assume only their proper minor em- 
phasis in shaping an attitude toward 
the work. 

Applications of mathematical meth- 
ods require a great amount of detailed 
calculation or explanation, often of a 
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very elementary character. While 
some of this work may be done by 
junior members of a staff, it is good 
for everyone to do some of this work 
‘(often drudgery), for it may be only 
by these detailed steps ‘that the true 
significance of the processes buried in 
the work become clear and familiar, 
Hence the ability to do the detail on 
occasion is often a real asset. 

In industry or government the work 
of the scientist will sometimes have to 
remain relatively unknown. The op- 
portunity for personal publication may 
be remote, and he can expect little 
public recognition, or special awards 
for his individual contributions. The 
impersonal attitude of his organization 
may prevent his standing out as an in- 
dividual in his work. He may even be 
required to keep to himself many of his 
discoveries or studies, for security 
reasons. Thus a qualification for a 
worker in these organizations is the 
ability to derive satisfaction from the 
accomplishment of the group as a 
whole; in general he must not expect 
to gain an outside reputation from his 
daily work. 


III. QUALIFICATIONS FOR SPECIFIC 
GRADES oR PosITIONS 


In determining the appropriate pro- 
fessional grade for an individual and in 
estimating how well he meets the gen- 
eral qualifications which have been dis- 
cussed above, it is perhaps most natural 
to give principal attention to personal 
qualifications, education, and experi- 
ence. Education and experience should, 
however, be used only as a guide, not 
as absolute standards, since the em- 
ployer is not so much interested in 
rewarding past accomplishments as 
in finding helpful signposts indicating 
what may be expected of the candidate 
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inthe future. Rigid formal criteria are 
mly useful if they aid in judging the 
jature ability of a particular individual 
9 make contributions to the work of 
ihe organization. 

Likewise, technical positions, ratings, 
ad promotions within an organization 
should be based on individual merit, 
and not any more than necessary on 
the number of members in a given 
ank. The organization diagram 
should be flexible, limited only as may 
ierequired by budgets and a reasonable 
talance between the different levels of 
work to be performed. Seniority 
should never be sufficient by itself to 
determine ratings. 

It is difficult to lay down specific re- 
quirements in education, experience, 
aid accomplishments for the rating of 
individuals in various professional 
gades. The following remarks are in- 
tended only to show some of the char- 
acteristics which would be generally 
applicable. The existence of special 
ses should be fully recognized. 

As a minimum requirement for a 
mathematician of any grade, a person 
should generally have completed basic 








courses in calculus, and in addition, 
differential equations and several other 
alvanced courses such as advanced 
alculus, mathematical statistics, prob- 
ability, vector analysis, higher algebra, 
function theory, or courses of similar 
advancement. These courses should 
total 30 to 40 semester hours or more. 
In addition to these requirements, at 
last 20 or more semester hours in 
physics, chemistry, and mechanics 
should be required. Such courses 
should be of a substantial collegiate 
level. In this connection, the standing 
of the school and the teachers involved 
should be taken into account. Mathe- 
matical courses which are largely his- 
torical or pedagogical in content, while 
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of value, should not be counted in these 
requirements. The purpose of the re- 
quired courses would be to guarantee 
a certain degree of maturity and fa- 
cility in mathematical thinking and 
techniques, as much as to be sure of the 
specific knowledge obtained from these 
courses. Courses representing the 
same order of attainment should be re- 
quired for any professional grade in 
any of the related mathematical sci- 
ences, such as statistics, theoretical 
physics and the like. 

The minimum mathematical training 
commonly obtained by students with 
the bachelor’s degree in engineering 
is generally not adequate for a pro- 
fessional mathematical position. Of 
course some engineers who are espe- 
cially trained in mathematics, and 
quite a few engineering-physics stu- 
dents who hold the bachelor’s degree 
may be adequately equipped for a 
mathematical position. 

A bachelor’s degree should generally 
be required for the lowest professional 
grades, where technical manipulation 
is required, but where there is no sig- 
nificant scientific responsibility and 
where most of the tasks are relatively 
simple and laid out rather specifically. 
For the next higher (but still junior) 
grade, where the problems are more 
complex and where appreciable scien- 
tific initiative, imagination, and respon- 
sibility are expected, a master’s degree 
(or the equivalent) is a reasonable re- 
quirement. For the grades which re- 
quire a considerable degree of technical 
expertness, along with any general 
responsibility for setting up problems 
or determining what is needed, a doc- 
tor’s degree (or the equivalent) is 
strongly urged. 

It is assumed that in general the 
preparation for the master’s degree will 
include at least 20 semester hours of 
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graduate mathematics from a school of 
recognized standing. At least 50 such 
semester hours beyond the bachelor’s 
degree, in addition to significant re- 
search work done in connection with 
a thesis, should be required for the doc- 
tor’s degree. The “equivalent” of a 
degree need not be defined carefully 
here, but it should insure a comparable 


technical accomplishment, maturity, 
and future promise for technical pro- 
ductivity. 


In determining qualifications of an 
individual in terms of his previous pro- 
fessional experience, it is recognized 
that some men develop more rapidly 
than others. The number of years of 
experience gained is not in itself an 
adequate measure of ability. Never- 
theless, experience is very important, 
and is one of the best indications of 
what can be expected, when the nature 
of the experience is carefully consid- 
ered and weighed in the light of the 
position to be filled. For the higher 
grades, particularly, the ability of a 
man to fill a job well depends very 
much on the relation of his experience, 
past achievement, and training to the 
specific job. 

A standard of one year of experience 
might be required for the grade first 
above that of the beginners, three years 
of experience might be the standard 
for the next grade, and so on in steps 
of, say two years. However, the ac- 
cumulation of experience should not 
be sufficient grounds for progressing 
from grade to grade. 

In determining years of experience, 
it might be assumed that a master’s de- 
gree will count as one year of experi- 
ence, and a doctor’s degree as two 
years of experience. The regulations 
should not be so rigid that deviations 
from the standard figures cannot be 
made in exceptional cases at the dis- 
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cretion of qualified scientists and ad- 


‘ministrators. 


It is emphasized that the mere pos- 
session of a certain number of years 
of experience should not be sufficient 
for obtaining a particular grade, espe- 
cially for the higher grades involving 
expert knowledge, judgment, and re. 
sponsibility. For these grades, an ad- 
ditional review of qualifications of a 
candidate is essential. In all cases the 
nature of experience should be ex- 
amined. 

Any regulations set up for evaluating 
experience and training should take 
proper account of whether the experi- 
ence and training were obtained re- 
cently or not. Work in mathematics 
done in the past will be of much less 
value if the person has not applied his 
knowledge in the field more or less 
continuously. 

In order further to distinguish the 
sort of qualifications which might dif- 
ferentiate between successive steps ina 
scale of professional ratings, without 
confining the discussion merely to edu- 
cation and experience, it is convenient 
to consider a sequence of hypothetical 
grades. For purposes of exposition, 
these grades may be designated by (A), 
(B), (C),.. ., starting with the most 
junior grade. 

These grades (A), (B), (C),... 
are interided to correspond approxi- 
mately to a scale which might be found 
in a large industry or research organi- 
zation, or in some types of government 
service. They may further be thought 
of as roughly similar, in some of the 
large universities, to the ranks of 
Junior Instructor (Assistant), Senior 
Instructor, and so on up through the 
positions of Department Head, Dean, 
and Head of a Research or Experi- 
mental Division. However, these com- 
parisons are suggested only to indicate 
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a general scheme for discussion; the 
dassifications (A), (B), (C),... are 
not to be considered as those necessarily 
in use by any particular industrial, 
government, research, or university or- 
ganization. Each organization should 
of course have a system of classification 
which fits its individual needs and 
problems. 

The responsibilities and privileges 
suggested herein which might be con- 
nected with each grade are quite similar 
in many respects to the qualifications 


| mentioned by D. T. Canfield in an 


excellent article about college teaching 
positions.* 

The people in grades (A) and (B) 
may be considered mainly as “assis- 
tants,” partly in the process of training, 
with little direct responsibility and re- 
quiring considerable guidance on all 
tasks. Grade (C) requires some scien- 
tiic responsibility and initiative. Ap- 
pintment to this grade may carry 
with it a presumption of perhaps two 
succeeding annual reappointments, but 
there should be no presumption of 
permanent reappointment nor any ob- 
ligation for promotion after several 
years of service. It should be clearly 
understood that not all meritorious 
grade (C)’s can be promoted, that re- 
appointment after the first year’s serv- 
te implies satisfaction with the in- 
dividual’s work as a (C), but gives no 
assurance that further promotion will 
follow. Promotion to the next grade 
should not normally take place until 
ater two or more years of service as 
a(C). It is believed that people with 
this rating should not necessarily expect 


*“How to Select New Members and Pro- 
mote Old Ones on Our Engineering Staffs,” 
ly D. T. Canfield, the JournaL or ENcI- 
NEERING EpucaTIoNn, September 1945, Vol. 
%, No. 1, pp. 43-47. 
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to work out a career in a single organi- 
zation. They should be encouraged to 
broaden their experience by at least 
some period of connection with another 
group within the establishment or else- 
where in industry or a university. 

The rating (D) should be recom- 
mended only for a candidate who has a 
record of considerable professional at- 
tainment, and who may be considered 
as a technical “expert” on some level. 
He should have a recognized record of 
accomplishment in research or industry, 
and should have demonstrated his abil- 
ity to deal with others effectively. An 
individual should not be recommended 
for a promotion to grade (D) who is 
definitely judged unworthy of promo- 
tion beyond that rank, although ‘there 
should be no presumption in appointing 
an individual to a (D) rating that he 
will in due course, and as a matter of 
course, receive promotion to a higher 
rank. After promotion or appointment 
to a (D) rating, there might be a pre- 
sumption of reappointment for at least 
two years. After two or three years, 
an individual in this grade should be 
encouraged, as in the (C) grade, to 
gain experience in other positions in 
the establishment or related establish- 
ments. 

The rating (E) in mathematical 
fields should be recommended primarily 
as a step in the line of promotion to 
those men whom the organization is 
willing to keep and in due time prob- 
ably promote further. Although pro- 
motion to an (E) grade should not be 
understood to insure further promotion, 
it should carry with it reasonable as- 
surance of continued employment. It 
should be considered as evidence of 
recognition by the organization that 
the individual concerned has demon- 
strated definite abilities as an investi- 
gator, research worker, or producer, 
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and the capacity for continuing growth 
and usefulness. 

The rating (F) should be recom- 
mended only after careful consideration 
of the individual’s character, scholar- 
ship, productivity, ability to work with 
others, value to the organization, and 
reputation among his peers in his own 
field. It should be recommended only 
for men who have been so tested that 
there is a reasonable certainty of their 
continuing usefulness to the organiza- 
tion throughout the remainder of their 
working years. It should be reserved 
as a mark of distinc‘ion in the field 
of professional attaintaent and scholar- 
ship, and should not be granted as the 
reward of seniority only. It-should not 
be granted as a recognition of useful- 
ness in administration only. 

The ratings above (F) should be 
given only in certain special cases. It 
would be assumed that such men have 
all the technical and personal qualifi- 
cations for an (F) rating, but that in 
addition they are capable of handling 
the positions of high responsibility, 
technical and administrative, which 
would warrant these high ratings. The 
selection of such men cannot be made 
on the basis of formal qualifications, but 
should be made only after careful con- 
sideration by properly qualified ad- 
ministrative personnel. The choice 
between grades higher than (F) should 
depend in part upon the administrative 
level of the responsibilities, assuming 
the individual is otherwise qualified. 

In some cases, a person in the higher 
grades, say from (E) on, should be able 
to handle administrative matters of 
some importance and responsibility, and 
should be able to direct general projects 
or studies by a group of professional 
employees. However, a man’s rating 


should not necessarily depend only on 
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his administrative responsibilities or the 
number of people under his immediate 
supervision. In some cases he should 
be eligible for a high rating solely on 


‘the basis of his personal scientific pro- 


ductivity and attainments. 

Too much emphasis cannot be placed 
on the significance of the above state- 
ment. Creative ability must be recog- 
nized. As it stands now, a good 
scientist usually must seek administra- 
tive responsibilities if he is to receive 
a reasonable remuneration. This only 
too often results in the loss to the com- 
munity of the continued productivity 
of the scientist. The same premium 
must be placed on scientific excellence, 
attainment, and productivity as_ has 
been placed on administrative ability 
and accomplishment. 

If such a system of grades as 
sketched above is followed, an employee 
can know what he might well expect 
as his career develops. Something of 
the sort is generally needed in order to 
organize work and responsibility ef- 
fectively. The existence of such an 
organization of grades will often goa 
long way to prevent misunderstanding 
and future embarrassment both on the 
part of the candidate and the employer. 
It should be stressed, however, that in 
a scientific organization, and particu- 
larly where research is involved, grades 
and rank should be very much in the 
background during the course of ordi- 
nary daily work. If the system is set 
up fairly, and if the employee has con- 
fidence in his relationship with the 
administration, then he will be not un- 
duly concerned with matters of grade 
and his productiveness and morale will 
be high. The administrative functions 


for which the grades were set up will}, 


then be accomplished with a minimum 
of effort and personal feelings. 
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IV. CONCERNING PROCEDURES FOR 
DETERMINING QUALIFICATIONS 
OF AN INDIVIDUAL 


It seems clear than an individual’s 
ability to meet the broad qualifications 
discussed in this paper cannot be well 
assessed by a simple written examina- 
ion on mathematical subjects. The 
ibility to solve set problems in, say, 
ulculus or statistics, in a standardized 
st can indicate little about a man’s 
probable value to an organization, and 
would be completely inappropriate for 
the higher grades. Such abilities can 
te better determined by consideration 
of past performance when necessary. 
Elaborate written tests of “personal- 
ity,’ character, and the like have also 
been devised, and may serve some val- 
wble purposes. Without discussing 
the ramifications of these procedures, 
afew remarks may be made about 
sme other desirable aspects of the 
process of judging an employee, over 
ad above the formal “application 
blank,” qualifying examinations, and 
the like. 





ientists. 


The judgment of a man’s technical 
maturity and broad abilities can best 
made by scientists who have at- 
lined some recognized standing with 
gard to these same qualities. Thus 
the principal judgment of an employee 
should be made, not only by an admin- 
isttative personnel officer, but by scien- 
lists in the same general field as the 
employee. In addition, it may be de- 
rable for related technical adminis- 
lative or management officials to re- 
view the qualifications of a candidate 
om the overall standpoint of the gen- 
tal interests of the business, industry, 
laboratory at hand. Such judgment 
vould presumably require extensive 
iterviews, possibly by several qualified 
It would require a review 
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of formal qualifications in the way of 
schooling, experience, and past accom- 
plishments. It would also require, and 
as a very important step, the obtaining 
of first-hand opinions concerning the 
prospective employee from previous 
employers, associates, and teachers. 
This last could be accomplished in part 
through letters of recommendation, but 
these should be more than perfunctory. 
Actual interviews are desirable with 
previous employers, and discussion 
with men who know both the past ex- 
perience and the potentialities of the 
man. 

The ratings for the high grades in 
particular should be determined by 
qualified scientists and administrators 
in high positions in the establishments, 
who are familiar with the position to 
be filled, in the light of its relation to 
other scientific positions. These men 
should be familiar with the status of 
scientific workers in institutions of 
higher learning, industry, and other 
establishments in and out of govern- 
ment. In making the classification, ac- 
count should be taken of the current 
competitive market for professional and 
scientific personnel. -It is important 
not to set rigid rules which will prevent 
necessary adjustments to allow for 
fluctuations in conditions from year to 
year. 

A trial or probationary period of 
employment should be initiated, with a 
review and new evaluation at the end 
of a set time. Even after careful pre- 
liminary judgment, it is probably im- 
portant to learn of a man’s true ability 
to fit in a particular organization and 
to do worthwhile work, by actually 
trying him out. A generally well quali- 
fied person will not always work out 
successfully in a particular set of cir- 
cumstances. Both the employee and 
employer should appreciate the value of 











finding this out during a period when 
they will have a mutual understanding 
of the new relationship which is being 
established. 


periodically reviewing performance, or 
otherwise ensuring that an employee is 
living up to the standards of his grade. 
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A fair system should be set up for 


ciency rating system is not in i 
sufficient for this purpose. 

Finally, it should not be made af, 
ministratively or legally impossible tq 
reassign men in an organization if the 
total accomplishment would be ma 
terially advanced thereby. 


It may be that a routine formal “ 
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In the practice of electrical engineer- 
ig many types of drawings are needed 
pr the transmission of accurate techni- 
al information from the mind of the 
designer to the constructor, installer, 
md user of electrical equipment. The 
ame types of construction drawings 
at are required for the construction 
if mechanical equipment are needed by 
the electrical engineer. These draw- 
igs include three-dimensional pro- 
jection drawings of parts and assem- 
ties, as well as outline drawings for 
jistallation purposes, and process draw- 
igs which are useful in construction 
erations. The latter include par- 
ticularly isometric or other pictorial 
jojections that have proved so useful 
i the rapid training of industrial 
wrkers in assembling war material. 
lhaddition to these drawings, however, 
he electrical engineer requires several 
linds of electrical drawings which are 
xeuliar to electrical work. In general 
he curriculum in electrical engineering 
most of the professional engineering 
urses makes little or no attempt to 
jovide instruction in these special 
ses of electrical drawing technique. 
tis assumed that the knowledge re- 
ired can be absorbed incidentally in 




















*Presented at the Conference on Electri- 
Engineering, S.P.E.E. meeting, St. Louis, 
me 20-23, 1946. 
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What the Electrical Engineering Department Needs 
from the Drawing Department* 


By W. A. LEWIS. 


Research Professor of Electrical Engineering, Illinois Institute of Technology 


the electrical courses or after gradua- 
tion in the first years of practical work. 
The purpose of this paper is to discuss 
these special needs of electrical engi- 
neers with relation to the drawing in- 
struction in the electrical engineering 
curriculum. 

The special drawings of electrical 
engineering fall broadly into the fol- 
lowing three classes: 


I. Wiring diagrams. 
II. Elementary and schematic dia- 
grams. 
III. Lighting plans. 


Wiring diagrams are intended broadly 
to show the actual physical connections 
of the conductors to the various pieces 
of equipment and are usually the draw- 
ings used for construction purposes. 
In these drawings the symbols repre- 
senting the equipment are normally lo- 
cated in their proper relative physical 
locations with respect to other appara- 
tus, but the electrical parts of the equip- 
ment are represented schematically by 
means of conventional symbols which 
indicate the function rather than the ap- 
pearance of the parts. In most cases a 
wiring diagram could also be made in 
the form of a pictorial drawing such as 
a three-dimensional projection or an 
isometric or perspective drawing, but 
the cost would in many cases be prohibi- 
tive, and frequently the information 
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would be portrayed less clearly. In 
contrast with wiring diagrams, elemen- 
tary and schematic diagrams are usually 
made for the purpose of analyzing the 
electrical functions of the equipment, 
and the various pieces of apparatus are 
represented by functional symbols which 
are grouped in the most convenient 
manner from the standpoint of explain- 
ing their function, usually without re- 
gard to the relative physical location 
of the parts. The symbols representing 
the various functioning parts of a piece 
of apparatus may be widely separated 
on the diagram but will be related by 
letter or number symbols that have now 
been standardized for the most com- 
mon applications to aid in rapid under- 
standing. Lighting plans are another 
group of special drawings making use 
of conventional symbols and are usually 
superposed on architectural drawings to 
show the installation of the wiring in 
buildings for lighting or power pur- 
poses. 

The conventional symbols and signs 
used on these drawings have been de- 
veloped over the years to a high state 
of perfection. The electrical engineer 
who is not thoroughly familiar with 
the drawings applying to his particular 
type of work is seriously handicapped 
in the pursuit of his profession. 

The programs of employers in in- 
dustry for the early training of college 
graduates within the business differ 
widely, but many who employ engineers 
for design work feel that one of the best 
forms of introductory work for ac- 
quiring rapid knowledge of the equip- 
ment and processes of manufacture is a 
period of apprenticeship in the drafting 
room. Although present-day students 
often resent the prospects of a period 
in the drafting room, most of the de- 
sign and construction engineers who 
received their practice training in 


WHAT ELECTRICAL ENGINEERING DEPARTMENT NEEDS 


‘of proper preparation for it, and much 








this way consider it invaluable. Per- 
haps part of the lack of interest of pres- 
ent graduates in a drafting room ap- 
prenticeship is due in part to their lack 


of this difficulty might be overcome by 
varying the early training in drafting to 
suit more nearly the later requirements, 

In most engineering curricula the 
courses in engineering drawing have 
developed along traditional lines to meet 
the requirements laid down by me- 
chanical and civil engineers, and it is 
rare to find any curriculum which rec- 
ognizes the existence of special drafting 
needs in the field of electrical engineer- 
ing. The course for the most part 
consists of instruction in mechanical 
drafting and descriptive geometry with 
practice in the simpler types of letter- 
ing. Drawings devoted to the repre 
sentation of machine parts almost al- 
ways portray purely mechanical devices 
without any recognition that electrical 
equipment exists. The reason for this 
state of affairs may largely be traced 
to the fact that most drawing courses 
are given in the mechanical or civil en- 
gineering departments or in a separate 
department of engineering drawing 
which is staffed almost entirely by en- 
gineers with mechanical or civil engi- 
neering training, and their examples are 
chosen from their own experience. 
Electrical curricula were developed 
mostly as options or variations in the 
mechanical engineering curriculum, 
with electrical courses being introduced 
first in the senior year, later in the jun- 
ior year, and in recent years starting as 
early as the middle or the beginning of 
the sophomore year. Rarely if ever 
does any electrical engineering invade 
the freshman year, and the drawing 
courses have been little modified by any 
needs of the electrical engineering cut 
riculum. Suggestions for modification} 
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of the drawing courses for electrical 
engineering students are easily resisted 
on the grounds that the basic courses 
should be the same for all kinds of 
engineering students, and that over- 
specialization should be avoided. A 
study of the problem indicates, how- 
ever, that this matter might well be 
carefully reviewed as curricula are re- 
vised in the reconversion from war 
training to peace-time training. 

In the ideal drafting course for an 
electrical engineer the student would 
of course have to begin at the same 
point as at present and learn the same 
fundamentals. However, the work in 
descriptive geometry, while of definite 
value in training the student in physical 
visualization, has much less intrinsic 
value to an electrical engineer than per- 
haps to other engineers in the practice 
of their profession.* The substitution 
of electrical diagramming for some of 
this work may well provide equal gen- 
eral training with greater utility. By 
this and other changes throughout the 
courses in drawing and descriptive ge- 
ometry, they could be made much more 
interesting to him and of greater value. 
One of the easiest steps to take is to give 
attention in mechanical drawing to the 
representation of electrical machines 
and equipment or the parts of such ap- 
paratus. Certainly the same types of 
problems would have to be studied but 
the result would be of greater interest 
because it would tie in with the student’s 
major field and could be used to fa- 
miliarize him with the construction of 
equipment which he must later study 
in detail. Circuit breakers and control 
equipment also offer interesting prob- 
lems for mechanical as well as electrical 
engineers. As early as possible in the 


*The survey of engineering graduates re- 
ferred to by Professor Aakhus in his com- 
panion paper lends support to this statement. 
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course some attention should be given 
the various types of diagrams and em- 
phasis should be placed upon the exis- 
tence and desirability of standard con- 
ventions and symbols. In the first or 
second year where most of the drawing 
courses have been given, the student 
does not have sufficient knowledge of 
electrical engineering to understand 
thoroughly or to make complex dia- 
grams, but he has had enough electrical 
work from physics courses either in 
high school or college to trace elemen- 
tary circuits and to make simple dia- 
grams using the conventional symbols. 
If time permits, a course in the junior 
or senior years devoted to more ad- 
vanced problems of electrical engineer- 
ing drawing would always be extremely 
advantageous. 

These changes are neither radical 
nor extensive but would materially im- 
prove the training of the electrical en- 
gineer for his profession. 

Another factor which should not be 
overlooked is the matter of professional 
interest. The entering electrical engi- 
neering freshman frequently has little 
knowledge of the electrical field, - but 
some rather vague ideas about the pos- 
sibilities in radio, communication, elec- 
tronics, or power have induced him to 
study electrical engineering. However, 
he seldom comes in contact with elec- 
trical engineering professors or with 
other than elementary apparatus until 
the middle of his second or perhaps the 
third year of his course. Any curricu- 
lum changes which bring electrical en- 
gineering subjects to even a slight de- 
gree into the freshman and early part 
of the sophomore years will quicken his 
interest and help to confirm or refute 
his choice of electrical engineering as a 
career. Even in those cases where it 
is felt that no specialization should be 
made in the first years, the introduction 


« 
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of electrical drafting to a limited extent 
in a common drawing course would help 
to give the students of all branches of 
engineering the information upon which 
to base a choice of the course to be fol- 
lowed in later years. 

As with all suggested changes in 
engineering curricula, there are diffi- 
culties in realization. The curriculum 
is always crowded, and the introduc- 
tion of any new subject forces out some 
of the old. To one who has been 
trained in a field other than electrical 
engineering it is very easy to say that 
the present course content is much more 
essential than any specialized training 
for the electrical engineering field. 
There is always the clamor against 
overspecialization, and the fear that 
one branch of engineering will be un- 
duly favored. Seldom is the drawing 
staff well qualified to teach electrical 
drafting, and if the material is not well 
presented, its value will be nullified. 
Finally, the student’s knowledge of 
electrical engineering is not sufficiently 
advanced in the freshman and sopho- 
more years to make it possible for him 
to profit as much as would be desired 
from instruction in electrical drafting. 

In spite of these many difficulties it 
is the writer’s belief that substantial 
improvement can be made without in- 
creasing the total burden of the course. 
To substantiate this belief some experi- 
ments were conducted while the writer 
was at Cornell. In the pre-war cur- 
riculum at Cornell the freshmen were 
given a one-credit-hour orientation 
course during the first term which con- 
sisted initially of a group of lectures 
given to all freshmen followed by group 
lectures given by members of the staff 
of the individual departments to the 
students in each branch of engineering. 
As a result of some changes in the 
shop and surveying courses, it became 
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possible to extend this one-hour course 
throughout the freshman year, and ad- 
vantage was taken of this opportunity to 
conduct some limited experiments with 
regard to the possibility of including ex- 
ercises in electrical drafting in the 
freshman drawing program. This one- 
hour course was arranged so that either 
a common lecture could be given to all 
the electrical engineering freshmen or 
they could be divided into small sec- 
tions for a three-hour drawing period. 
A lecture might be given one week to 
be followed in the next or some later 
week by a three-hour practice period in 
which an exercise related to the lec- 
ture could be given. In these experi- 
ments two lectures and homework read- 
ing assignments were given in studying 
electrical standardization and standard 
graphical symbols used on electrical 
drawings. This was followed by a 
drawing period in which the students 
were asked to make a schematic dia- 
gram of a current-limit three-step motor 
starter for a direct-current motor. The 
students were given an elementary 
diagram of a two-step starter, like that 
shown in Fig. 1, and with a moderate 
amount of explanation they had no dif- 
ficulty in determining how to modify 
the diagram given so that it was appli- 
cable for a three-step starter. In an- 
other period they were given a com- 
plete elementary diagram similar to 
that of Fig. 1 and a partially completed 
wiring diagram, and they were asked 
to copy and complete the wiring dia- 
gram according to good practice. These 
exercises served not only to acquaint 
the students with electrical diagrams 
but also formed an introduction to the 
intriguing subject of automatic devices 
and control. The interest in these 
problems was for the most part ex- 
tremely high, and results were equal to 
expectations. Further development of 
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delay on closing. 


these ideas and any possibility of intro- 
ducing similar exercises into the regular 
drawing courses were prevented by the 
establishment of the V-12 curriculum 


which provided no latitude for such ° 


experiments. However, with some care 
and attention, several varied exercises 
in metering, control, radio, electronics, 
and building wiring, having attractive 
features both from the standpoint of 
teaching drafting technique and provid- 
ing an interesting insight into future 
electrical work, can be developed. By 
replacing some of the existing exercises 
in the conventional course a large part 
of the objective can be achieved with- 
out appreciably increasing the time 
spent, and it is believed that the ad- 
vantages of these changes will well 
justify their introduction. 

As stated above, the staffs of most 
drawing departments are not well 
equipped to develop such course 
changes without help. However, most 





engineering schools have on the elec- 
trical engineering faculty at least one 
member who has had sufficient experi- 
ence in electrical drafting practice to 
provide the necessary coordination for 
these improvements. In some cases it 
would even be desirable to arrange for 
a member of the electrical engineering 
staff to conduct the class periods in 
which these changes were introduced. 

Another innovation that should be 
considered in curriculum revision is a 
junior or senior course devoted largely 
to electrical drafting. By the junior or 
senior year the student has progressed 
far enough in his electrical training to 
be able to understand and to make more 
complex and complete diagrams which 
can tie in directly with his other 
courses. Such a course may be devel- 
oped as part of a program in electrical 
design, in electrical control, or purely 
on its own merits. In the years just 
preceding the war electrical design 
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courses as such were in ill repute and 
were gradually being dropped from the 
curriculum. This is largely due to 
the fact that design of conventional ap- 
paratus such as generators or motors 
is an extremely difficult subject to teach 
in a short time, because ability to pro- 
duce a rational design from the ground 
up requires a long period of experience 
and the use of judgment which comes 
only with that experience. As a re- 
sult, too many design courses degener- 
ated into a routine of filling out de- 
sign sheets of standard form, with in- 
adequate knowledge and with much 
guess work. The end result was a lot 
of slide rule pushing which had little 
interest and contributed nothing to 
real training. However, the attempt on 
the part of a student to apply his knowl- 
edge to the development of a new de- 
sign has valuable educational aspects. 
A course in design built around the 
problem of developing circuits for 
radio, electronics, or control equipment 
can offer many advantages with much 
less of the boredom inherent in filling 
in the blank spaces of standard forms. 
The classroom periods would be de- 
voted to a study of the particular type 
of apparatus and the design require- 
ments, with emphasis on the interrela- 
tions of the circuit elements rather 
than on the physical proportioning of 
the elements themselves. The labora- 
tory practice would then consist to a 
certain extent of developing the circuit 
diagrams to obtain the desired functions 
for the equipment being designed. A 
course built along there lines by a 
properly qualified instructor would do 
much to revive interest in a “design” 
course. 

A similar combination may well be 
worked out in courses specializing on 
control, both electronic and electro- 
magnetic. In this field of electrical en- 
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gineering the ability to trace and under- 
stand complex diagrams is vital, and the 
increased emphasis on automatic con- 
trol which has developed during the war 


‘will draw particular attention to this 


subject in meeting the post-war require- 
ments of industry. Nothing will de- 
velop skill in reading and understand- 
ing complex diagrams like practice 
in trying to make diagrams of the 
same sort. It will thus be relatively 
easy to develop a course in which the 
classroom time is devoted to the study 
of circuit applications and the labora- 
tory time to the reading and making of 
diagrams that will be of value and in- 
terest to the student. Particularly, in 
the case of the more complex types of 
control, it is hardly feasible for school 
laboratories to have such apparatus for 
physical experiments, but knowledge of 
the same or even greater value can often 
be gained by the proper study of dia- 
grams after a limited amount of ex- 
perience with actual control apparatus 
in the laboratory. Even in the present 
crowded four-year curriculum such 
courses may well deserve space, if not 
as required courses, as least as elective 
courses for those students expecting 
to enter manufacturing operations. 
Some of the vocational schools and 
technical high schools have not missed 
the important advantages of coordinat- 
ing the drafting work with the related 
theory and have done much to insure 
that their graduates have a good knowl- 
edge of electrical drafting requirements. 
It is true that the students of such in- 
stitutions are frequently being trained 
directly for permanent positions as 
draftsmen, so that emphasis on the 
drafting phase is more important from 
its utilitarian standpoint than to the 
professional engineering student who 
does not expect to spend a large part 
of his professional career over a draw- 





ing 
alo 


co! 
sit 
the 


S 


and under. 
ital, and the 
ymatic con- 
ing the war 
ion to this 
yar require- 
ig will de- 
inderstand- 
ce practice 
ms of the 
e relatively 
_ which the 
9 the study 
the labora- 
| making of 
lue and in- 
icularly, in 
ex types of 
for school 
paratus for 
iowledge of 
1e can often 
ady of dia- 
unt of ex- 
| apparatus 
the present 
alum such 
pace, if not 
as elective 
/ expecting 
rations. 

chools and 
not missed 
 coordinat- 
the related 
1 to insure 
ood knowl- 
juirements. 
of such in- 
ing trained 
positions as 
sis on the 
yrtant from 
nan to the 
udent who 
large part 
rer a draw- 





WHAT ELECTRICAL ENGINEERING DEPARTMENT NEEDS 


ing board. However, men trained 
along these lines are able, when they 
first enter industry, to take hold of 
their new work extremely well, and 
they will ordinarily reach industry two 
or perhaps three years earlier than the 
professionally trained engineer of the 
same age. With further night-school 
study during the first two or three years 
of work after graduation and with the 
ability to acquire knowledge rapidly 
because of greater familiarity with 
drawing technique and with actual prac- 
tice in the transmission of information 
through the making of drawings, well 
trained vocational school graduates 
may very well give professionally 


trained college graduates much greater 
competition for design engineering po- 
sitions in the future than they have in 
the past. 
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In the return to peace-time training 
after the strenuous activities of the 
war period, all engineering curricula 
should be carefully reviewed to make 
sure that the material retained is in 
keeping with modern needs and that it 
is not retained simply because it has 
been there for many years. The trends 
in available engineering positions have 
been away from emphasis on the design 
of single major pieces of equipment to- 
ward their application and the design 
of systems and controls which meet 
present-day industrial requirements. 
As a part of this trend, electrical dia- 
grams will become a more important 
tool than in the past, and this may be 
profitably reflected by giving more at- 
tention to it in whatever way is pos- 
sible in the development of the elec- ’ 
trical engineering curriculum. 








America Especial 


This paper will refer chiefly to edu- 
cation in the field of engineering in 
Uruguay, but references to conditions 
in other countries will be made on cer- 
tain points to give a more complete 
picture of South American practices. 

The University of Montevideo is not 
situated around a campus. Its various 
Schools are distributed throughout the 
city. The campus system in Latin 
American countries is found as one goes 
north. For instance, the University of 
La Habana has a campus. They are 
building one in Caracas, Venezuela. 
There is at the present moment a proj- 
ect to centralize the Schools of the Uni- 
versity of Sao Paulo, Brazil, around a 
campus. This project, however, will 
not include the School of Medicine and 
the hospitals which are modern and too 
large to move. 

Our University consists of nine 
Schools (we call them “Facultades”) 
that are practically independent of each 
other. They are the Schools of Engi- 
neering, Architecture, Law, Economics, 
Medicine, Veterinary Medicine, Odon- 
tology, Agricultural Sciences, the Hu- 
manities and Sciences. Basic courses 
are taught separately in each School. 
For instance, each School which gives 
courses in mathematics “has its own 

* Lecture given at Harvard University on 
October 30th, 1946. 
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courses and professors. Some of our 
professors believe that it would be pref- 
erable to teach the basic courses of all 
the Schools in one place. However, 
those who prefer the present system 
claim that this is the only way to be 
certain that the student will receive the 
proper basic background which he 
needs in his particular school. 

Each School is governed by its own 
Council and is presided over by a 
Dean. He is elected by the Councillors 
for a period of four years and can be 
reelected only once. For this position 
the Dean receives a remuneration of 
$140 per month. Besides the Dean, 
the Council of the School of Engineer- 
ing consists at present of ten members, 
each of whom is elected and receives 
no remuneration. Only four Council- 
lors are professors, and they are elected 
by their colleagues. Two are civil en- 
gineers, elected by the civil engineers; 
one is an industrial engineer elected by 
members of his profession ; and two are 
geodesists elected by the geodesists. 
The tenth is an engineer who is elected 
by the students and who agrees to vote 
in accordance with the instructions he 
receives from the student authorities. 
The Council decides matters of policy 
and carries on other important adminis- 
trative functions. On matters such as 
a modification of the curriculum, the 




































the 
chat 


$1,0 
new 
now 
lem 
buil 


port 





South 


Engineering, 


me of our 
ld be pref- 
irses of all 
However, 
nt system 
way to be 
receive the 
which he 
l. 

by its own 
yver by a 
Councillors 
ind can be 
‘is position 
eration of 
the Dean, 
Engineer- 
1 members, 
id receives 
ir Council- 
are elected 
re civil en- 
engineers; 
elected by 
nd two are 
geodesists. 
o is elected 


ees to vote 
ructions he 
authorities. 
s of policy 
nt adminis- 
ars such as 
culum, the 








ENGINEERING EDUCATION IN SOUTH AMERICA 


Council may require the opinion of the 
Assembly of the School, composed of 
all professors and student representa- 
tives. Each School is represented on 
the Central Council by its Dean and one 
Councillor. The Central Council is 
presided over by the Rector of the 
University, elected by the Councillors 
of all Schools. 

The University of Montevideo offers 
courses free of charge. A student en- 
joys the privilege of attending classes 
without paying any tuition, and he has 
no laboratory fees. No charge is made 
for the replacement of equipment that 
is damaged during experiments. The 
diploma costs $70 but a graduate who 
obtains an average of 12 out of 15 in his 
examinations receives his diploma free 
of charge. How then is a university sys- 
tem financed in Uruguay? A large 
part of our finances comes from the 
government. Each year the Central 
Council submits to the government and 
the chambers a budget, frequently in- 
cluding recommended raises in salaries 
and expenses (which are seldom ap- 
proved). Private endowment is prac- 
tically nonexistent in Uruguay. How- 
ever, we receive regular donations from 
State industrial plants. The normal 
expenditures of the School of Engi- 
neering for the purchase of books and 
equipment are approximately $17,000 a 
year. Of this sum, $12,000 comes from 
the government and $5,000 from the 
State industrial plants. However, with 
the sanction of the government and 
chambers, special sums can be obtained. 
We have, for example, received about 
$1,000,000 for the construction of a 
new building for our School, which is 
now nearly completed, solving the prob- 
lem of space which was acute in the old 
building. 

Before the war there were a few im- 
portant European industrial companies 
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which made donations to our School or 
offered equipment at substantially re- 
duced prices. Now our new labora- 
tories will be considerably more com- 
plete than ever before, thanks to the 
American industrial companies that are 
constructing a hydroelectric power 
plant of 100 MVA, 150 miles from 
Montevideo. The energy which this 
plant will make available will give fur- 
ther impetus to our already rapidly 
developing industry. The need for 
more specialized engineers in Uruguay 
has become even more apparent by the 
construction of this plant and Mr. 
Giorgi, its General Manager, and for- 
mer Dean of our School of Engineering, 
has asked the industrial companies to 
aid in the completion of our laboratory 
equipment. Through the hearty co- 
operation of the Westinghouse Electric 
International Co., the laboratories of 
the electrical engineering department 
will be the very best equipped ones for 
power engineering. Other companies 
are contributing to the development of 
our laboratories, which in many fields 
will be on an equal footing with the 
best equipped schools. 

There are many other schools in 
South America which have very limited 
financial means, but some are quite 
well-off. For instance, the School of 
Engineering at Sao Paulo, Brazil, has 
rather extensive resources. Their 
Electrical Engineering Department 
spends about $40,000. a year for the 
purchase of laboratory instruments and 
apparatus. This sum is increasing 
every year, and, if necessary, they may 
have additional credits. The money 
comes from the province of Sao Paulo. 
However, the School of Engineering in 
Rio de Janeiro, which is a national 
school, spends a much smaller amount. 

Our School of Engineering includes 
the following 9 departments: Testing 
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of Materials, Machinery (thermic and 
hydraulic), Chemistry, Electrical Engi- 
neering, Structures, Technology, Phys- 
ics, Mathematics and Statistics, and Soil 
Mechanics. These departments give 
the corresponding courses in engineer- 
ing and perform tests that are required 
by the state agencies, private individ- 
uals, and companies. They also give 
technical advice to state institutions and 
carry on research. Usually, the direc- 
tor of the department is the professor of 
all courses given in his department. 

The School of Engineering has a 
Central Library and departmental li- 
braries. The technical staff of the de- 
partment is available to advise readers 
where specific information may be 
found. The books that are frequently 
consulted are generally duplicated in 
the central and departmental libraries. 
Although several copies of text-books 
are available, we encourage students to 
buy their own. 

The Faculty includes full professors, 
associate and assistant professors, in- 
structors, heads of departments, chiefs 
of laboratories and laboratory assistants. 
The appointments may be direct, on a 
standard of merit only, or on a com- 
petitive basis, requiring an examination. 
The Council of the School determines 
what procedure will be followed in each 
case and exercises the power of appoint- 
ment. Some Universities—Sao Paulo 
and La Habana, for instance—make ap- 
pointment only on a competitive basis 
including an examination. All first 
appointments in Uruguay are for a pe- 
riod of one year. After this initial ap- 
pointment, all successive ones are for 
a period of five years. This system has 
not been generally adopted in other 
countries. In Argentina all professors, 
whether full professors, associates, or 
assistants, are appointed for life, while 
chiefs of laboratories and laboratory as- 
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sistants are appointed for specified pe- 
riods of time. 

The salaries of our faculty members 
are very low. A full professor receives 


‘only $70 a month, an associate profes- 


sor $50. The assistant professors are 
paid according to the number of hours 
they teach at the rate of $3.30 an hour. 
The director of a department receives 
about $230 a month, and assistants up 
to $100. Although the cost of living is 
much lower in Uruguay than in the 
United States, these salaries do not 
permit a man to devote his full time to 
teaching. Few members of the Faculty 
give their entire attention to the School. 
The majority of the Faculty come to 
the School only to give their classes and 
examinations. In Argentina the situ- 
ation is no better, but it is worth men- 
tioning because of the system of pro- 
gressive salaries. The salary of a full 
professor in Argentina starts at about 
$90 a month and over a period of thirty 
years rises to as much as $150 a month. 
The members of our Faculty earn much 
more in their private engineering and 
consultation work, and frequently what 
they earn as professors is but a small 
percentage of their total income. There 
is, of course, a trend to modify this 
practice and to have full time professors 
in basic courses and full time and regu- 
lar part time professors in application 
courses. Our Dean, Ing. Maggi, has 
presented a program of reorganization 
along this line with increased salaries 
for faculty members which, if approved, 
will give a new impetus to teaching as 
a profession, especially in the research 
field. It must not be misunderstood 
that professors are this poorly paid 
in all Latin American countries. In 
Sao Paulo, for example, full professors 
have in some cases received about $500 
a month and this figure will be in- 
creased to $750. Unfortunately, as- 
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sistant professors at this same uni- 
versity receive only $120 a month. 

Professors often “accumulate” 
courses. This means that they give 
several courses and receive a remunera- 
tion for each course. In Argentina a 
man has to be a full time professor 
when he gives three or more courses 
in the School of Engineering. In 
Uruguay a professor’s income from 
“accumulated” courses is graduated 
downwards above $130 a month; for 
example, all earnings from the State 
over $130 a month are reduced 25 per 
cent, and over $230 a month are re- 
duced 50%. In Cuba the first chair a 
professor holds pays relatively well— 
$300 a month—but the second chair 
gives him only an additional $60, and 
the third, $30. He also receives an in- 
crease of $5 for every additional five 
year period he teaches. 

As can be surmised such low salaries 
have created a serious lack of an 
academic profession in South America. 
Since industry and some public services 
offer better salaries than our Schools of 
Engineering, it is impossible to expect 
young outstanding graduates to take up 
the teaching profession. The selection 
of faculty members is sometimes a real 
problem, especially in smaller universi- 
ties. This problem is even more acute 
in the appointment of auxiliary, that 
is associate or assistant, professors than 
of full professors. Auxiliary professors 
have to substitute in case of absence of 
In normal times, they 
may have to give very few classes, about 
10 per cent in Uruguay, even less in 
Argentina. Under such conditions, 


they cannot be expected to be very 
much interested in their work nor do 
they receive a stimulus to gain wider 
knowledge. In Uruguay there are ex- 
ceptions such as when the number of 
students enrolled in a course is so great 
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that it becomes necessary to divide the 
class into sections, and when the num- 
ber of class hours exceeds three a week, 
which is the minimum required of a full 
professor. In some cases, we have full 
professors acting as auxiliary professors 
in other courses. 

South American schools of engineer- 
ing offer only one degree in each field. 
The duration of engineering studies is 
5 or 6 years, depending on each par- 
ticular school. In Uruguay, primary 
and secondary education must be com- 
pleted before college studies can be 
begun. There are six grades in our 
primary schools, and four grades in 
our high schools. After a student com- 
pletes high school, he goes to prepara- 
tory school, which is divided into sec- 
tions, one for each school of the Uni- 
versity, except the Humanities and 
Sciences. The duration of the prepara- 
tory studies of engineering is 2 years, 
and the student must pass the examina- 
tions in all courses to be admitted for 
advanced studies. The duration of 
engineering studies is 3 years for geo- 
desists and 6 years for engineers, civil 
or industrial. Young men who fol- 
lowed vocational schooling after pri- 
mary education are not admitted to a 
Uruguayan university. In Argentina 
the situation is quite different however, 
and young men from vocational schools 
can pursue advanced studies, more or 
less easily, depending on the particular 
university. Rosario accepts them di- 
rectly as well as the high school gradu- 
ates; La Plata requires a short exam- 
ination—the same that is given to 
applicants from high school. The ex- 
aminations for Buenos Aires, however, 
are more severe for both high school 
and vocational school graduates, with 
an additional examination on cultural 
studies for the latter ; only graduates of 
the National High School are exempt 
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from examination. These differences 
in admission requirements have meant 
that as many as 1,500 students—gradu- 
ates of vocational schools—commute 


daily from Buenos Aires to the neigh- - 


boring city of La Plata. 

As I said before, in theory the dura- 
tion of engineering studies in Monte- 
video is 6 years. Actually, the dura- 
tion is much longer. I shall illustrate 
this by the following table: 
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in chemistry, natural sciences, mathe 
matics and physics. Perhaps in time 
our very recently created School of 
Humanities and Sciences will be able 
to offer to those interested in pure sci- 
ences the kind of education which they 
desire. 

At this moment we are introducing a 
new curriculum, which this year has 
been applied only in the first year 
studies. The former curriculum, which 

















Number of graduates in a given time 
“Year_| Civ Ind. | Civ. | Ind. | Civ. | Ind. | Civ. | Ind. | Civ. | Ind. 
6 years 7 years 8 years 9 years more than 9 Be: 
1942 — — aan 4 + = 2 — 2 1 
1943 a 1 1 = —— 12 + — 11 = 



































The reasons for this longer study are: 
First, the students are working. Prac- 
tically every student in his 4th year or 
later is working—many even in their 
first three years. Many work for their 
living ; some for experience if they find 
a job related or useful to their future 
professional activities. Secondly, the 


courses are rather heavy and, to give 


their graduates a wide preparation for 
their various possible employments, 
the School teaches quite unrelated sub- 
jects, some of which are difficult for 
students with ability in some other di- 
rection. Thirdly, too little attendance 
in classes, due chiefly to too many ex- 
amination periods. Lastly many stu- 
dents are interested in scientific rather 
than technical education, but unfortu- 
nately, our School of Engineering, as I 
said before, only gives the degrees of 
engineer or geodesist, so they are 
obliged to follow engineering. In Ar- 
gentina some Schools of Engineering 
not only prepare engineers but doctors 


was still offered in the 2nd to 6th years 
of studies contains the following 
courses : 


Courses common to both Civil and Indus 
trial Engineers: 


I. Mathematical analysis, 1 
Descriptive geometry 
Analytical and projective geometry 
Physics, 1 
Technical chemistry 

II. General mechanics, 1 

Mathematical analysis, 2 

Infinitesimal geometry 

Physics, 2 © 

Physics, 3 

Analytical chemistry 

General mechanics, 2 

Strength of materials, 1 

Physical chemistry 

Technical geology 

Materials of construction 


Tit. 


Civil Engineering: 


IV. Methods of construction 
Strength of materials, 2 
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ENGINEERING EDUCATION IN SOUTH AMERICA 


Topography and geodesy 
Machinery 
Electrical engineering 
Hydraulics 
V. Strength of materials, 3 
Tests of materials 
Fluvial works 
Maritime works 
Architecture of engineering works, 1 
Sanitary engineering 
Political economics and administra- 
tion 
VI. Structures 
Terrestrial ways of communication 
Architecture of engineering works, 2 
Legislation 
Municipal engineering 


Industrial Engineering: 


IV. Elements of construction 

Hydraulics 

Strength of materials, 2 

Mineral and organic chemistry 

Technical physics (air conditioning, 
etc. ) 

Electrical engineering, 1 
(electric and magnetic circuits, 
electrical measurements, basic elec- 
tronics) 

V. Testing of materials 

Machinery, 1 

Electrical engineering, 2 
(electrical machinery, 
welding, etc.) 

Industrial technology, 1 
(mining, etc.) 

Industrial analysis 

Industrial chemistry 

Political economics and administra- 
tion 


electrical 


VI. Industrial hygiene 


Electrical engineering, 3 
(transmission and distribution of 
electricity, radio engineering, il- 
luminating engineering) 

Machinery, 2 

Industrial technology, 2 
(steel, textiles, paper, etc.) 

Industrial installations (layouts) 

Thesis 
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The curriculum is rigid. The number 
of hours of classes per week, including 
theory, problems, laboratories, etc., 
theoretically does not exceed 30-35. 
Since the students, however, shorten 
their attendance at classes to about 18 
weeks a year, instead of the full 27 (the 
same situation exists in Argentina), 
some professors—if authorized by the 
Dean—give supplementary hours to de- 
velop their courses completely, with the 
result that the number of hours a week 
for the student in the School frequently 
exceeds 40. Many professors cannot 
finish their courses in this shorter pe- 
riod so that students must prepare per- 
sonally the parts which are not covered 
by the lectures. Of course under such 
conditions a detailed description of each 
course must be available, and that ex- 
plains why our catalogs contain a much 
more complete description than the 
American catalogs. Attendance in 
classes on theory is not obligatory; 
neither is attendance at classes on prob- 
lems required in certain courses. The 
students, however, are required to at- 
tend laboratory classes for at least 80 
per cent of the experiments given. 

As I already stated, one of the most 
important reasons why students shorten 
their attendance to about 18 weeks a 
year is the large number of examina- 
tion periods which at present is 5: 
November—December (practically two 
months), February (15 days), May 
(theoretically 3 days, actually 7), 
July (15 days), and September (3 to 
7 days as in May). Students taking 
their last examination may request to 
take it at any time. Of course, stu- 
dents who prepare for one or more ex- 
aminations desert the classes several 
days, if not weeks, before the day of the 
examination. 

Enrollment is not by years, but by 
courses. In the first year students gen- 
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erally enroll in all courses and follow 
them, but as early as the beginning of 
the second year many fail to take all of 
their examinations, and are not even 


able to follow all their new courses. . 


This situation becomes worse as stu- 
dents advance in their studies. It is not 
necessary to take all the courses offered 
one year to follow those of the next 
year, but to take the examination for 
some specific courses, it is necessary to 
have passed the examinations in certain 
prerequisite courses. 

Students study assigned books and 
class notes of the courses, preferring 
the latter. The number of courses 
where class notes are available is not 
high, much fewer than in Argentina 
where students publish class notes for 
almost every course, with or without 
the consent of the professors. In Ar- 
gentina sometimes they also publish 
text books if prepared by professors, 
which is much better of course, since 
unrevised class notes frequently con- 
tain quite a number of serious errors. 
Many of our students have some read- 
ing knowledge of English which is 
taught in the preparatory schools for 
two years, but if possible, they prefer 
to read books in Romance languages. 
I believe that great progress could be 
achieved by offering an optional course 
in technical English in our scientific 
schools. Many of the present books 
we recommend are in English, for in- 
stance, Courant’s books on calculus are 
our texts in mathematical analysis, 
Guillemin’s and other books on elec- 
tric circuits are used to supplement our 
class notes, etc. 

Almost all our courses are of two 
terms duration. After the whole course 
has been given, a final examination is 
taken. 

In our last education program we did 
not have partial examinations and the 
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marks given during the year for prob- 
lems, laboratory experiments, etc., did 
not count directly in the computation 
of the mark given for the final exami- 
nation. In our new program which we 
introduced this year, partial examina- 
tions exist and have a direct bearing on 
the final mark. Examinations may be 
written or oral, covering laboratory 
work, discussion of projects, etc. ; they 
are more comprehensive than in Ar- 
gentina where very frequently they are 
only oral. For example, in electrical 
engineering for industrial engineers, 
our students first have an eliminatory 
written examination consisting of sev- 
eral problems. The length of this ex- 
amination is usually 3 to 5 hours and 
students may consult books, class notes, 
etc. This is followed by an eliminatory 
examination of 4 or 5 hours on the lab- 
oratory experiments. Finally, a stu- 
dent has an oral examination of from 
15 to 40 minutes. Projects in electri- 
cal engineering are not obligatory. 

The students who fail their examina- 
tions may retake them in the following 
examination period. There is no lim 
tation on the number of times they may 
retake it. The highest mark is 15 
points; the passing mark is 6. The 
jury of examiners consists of at least 
three members of the Faculty. 

Theoretical classes are generally lec- 
ture classes. Questions from students 
are encouraged. In some courses we 
attempted to adopt the system of indi- 
cating in advance what should be read 
by students in preparation for the next 
class where we would require them to 
ask and answer questions, and solve 
problems. This did not work success- 
fully because the majority of the stu- 
dents did not have the time to do this 
reading. We are, therefore, trying to 
introduce an intermediate system 
whereby we shall still indicate reading 
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but will rapidly cover the same sub- 
ject in lectures and request that stu- 
dents interrupt and ask for explanations 
on points which they did not under- 
stand in their reading. In this way, 
those who did not cover the reading get 
some profit from the lecture, and in 
some cases, when the questions are few, 
time is spared for solving problems. 
In addition to classes on theory, we 
have separate classes on problems. 
These classes come generally once a 
week and last from between 2 to 4 
hours. Usually the solution of typical 
problems is first illustrated by the pro- 
fessor. Then similar problems are 
given to the students to solve in class 
with the assistance of the professor 
when difficulties arise. We believe 
this aids the students more than only 
giving them problems to solve by them- 
selves at home. Laboratory experi- 
ments lasting 2 to 4 hours are given once 
a week. Students receive prepared 
sheets with a description of the experi- 
ment and discussion of the results and 
are responsible for learning this ma- 
terial. In electrical engineering for ex- 
ample students must select the instru- 
ments, perform the entire experiment 
themselves, and discuss thoroughly the 
accuracy of the results obtained. Stu- 
dent must also present several projects 
of industrial layouts or civil engineer- 
ing works, as ‘well as perform some 
obligatory field work. 

The number of students who fail to 
finish their studies is important and the 
feasons are the same as those that de- 
termine the difference between the 
theoretical and the actual length of 
pursuing advanced studies; namely, 
students are working as well as study- 
ing; insufficient attendance; and the 
courses are heavy and varied. The 
lollowing statistics will give a better 
idea of the situation: 


. 
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a> the Graduated 
Year * Engineering 
Ba ol Geodesy Geodesy 

Civ. | Ind. 

1941 24 13 10 | 4 10 

1942 29 22 9/14 12 

1 943 47 12 24 5 15 

1944 37 16 17 1 16 

1945 47 19 9 8 4 

1946 55 13 —|— —_ 














The total number of students at pres- 
ent enrolled in our School of Engineer- 
ing is about 460; 355 come from Monte- 
video, 40 from the inner parts of Uru- 
guay, and 65 from foreign countries. 
Our Faculty has about 25 full profes- 
sors and about 40 auxiliary professors. 

Since there is a general shortage of 
engineers in South America, our young 
graduates enjoy very good positions 
which offer, as a starting salary, be- 
tween $200 to $350 a month. This is 
very good remembering that the cost 
of living in Uruguay is much lower 
than in the United States. 

University graduates, and engineers 
in particular, enjoy a highly esteemed 
position in our social life. A profes- 
sional man from a foreign country who 
received his degree at a foreign uni- 
versity is subject to an examination as 
a general proof of his diploma before 
he has the right to exercise his profes- 
sion or use his degree. However, with- 
out this recognition of his status as an 
engineer, a foreign trained engineer can 
be employed by a private enterprise or 
contracted for a government project. 
As a matter of fact, until recently the 
social position of professionals was so 
high that in many fields the additional 
fact of being a University professor 
did not increase it. Now, however, the 
professorship is highly esteemed. 

The exceedingly long time involved 
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in pursuing advanced studies now con- 
stitutes one of the major problems for 
which we seek a solution. One solu- 
tion which we are testing is to reform 


the curricula. At present we offer too . 


wide a preparation. We shall perhaps 
divide the present industrial engineer’s 
career in two, electromechanical and 
technological engineering; anyway, in 
the last year or in the last two years of 
study we shall introduce subdivisions, 
with groups of elective courses. We 
shall also try to shorten the length of 
some courses without sacrificing their 
present fairly high level. And lastly, 
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we have just introduced a category of 
“regular” students. Regular students 
must attend all classes as much as 26- 
28 weeks a year, accept partial examina- 
tions, and only two final examination 
periods (November—December, and 
February). A great majority of the 
students who have entered the School 
this year have chosen to be “regular” 
students. Of course, many students 
who work shall have to remain “free,” 
unless we introduce night courses. 
However, through these changes we 
hope to be able to obtain a larger and 
more regular number of graduates, 
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New Members 


Bates, Maurice E., Assistant Professor of 
Engineering, Massachusetts State College, 
Amherst, Mass. A. E. Sorenson, L. F. 
Rahm. 

Bonn, Frep C., Technical Director, Basic 
Industries Research, Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. E. C. Koerper, F. 
T. Agthe. 

Bruno, Epwin C., Lecturer in Engineering 
Drawing, Northwestern University, Evan- 
ston, Ill. R. M. Cook, S. S. Hartenberg. 

CorNELL, Russet M., Assistant Professor of 
Civit Engineering, University of Minne- 
sota, Minneapolis, Minn. G. J. Schroepfer, 
L. F. Boon. 

Covincton, Wayne R., Instructor in Engi- 
neering, Kilgore Junior College, Kilgore, 
Texas. S. L. Canterbury, F. L. Bishop. 

Cox, James E., Instructor in Mechanical 
Engineering, Pennsylvania State College, 
State College, Pa. M. S. Gjesdahl, J. S. 
Doolittle. 

Cronk, Atrrep E., Assistant Professor of 
Aeronautical Engineering, University of 
Minnesota, Minneapolis, Minn. N. F. 
Ruszaj, H. C. T. Eggers. 

Dana, Homer J., Director, Engineering Ex- 
periment Station, Washington State Col- 
lege, Pullman, Wash. H. F. Lickey, R. D. 
Sloan. 

Dennison, Husert E., Professor and Head, 
Dept. Ec. ss. and I. M., Georgia School of 
Technology, Atlanta, Ga. R. L. Sweigert, 
R. L. Allen. 

Dinker, Joun D., Instructor in Civil En- 
gineering, University of Pittsburgh, Pitts- 
burgh, Pa. W. Irwin Short, R. F. Edgar. 

DRINKWATER, WiLLt1AM D., Instructor in 
Aeronautical Engineering, University of 
Minnesota, Minneapolis, Minn. N. F. Rus- 
zaj, H. C. T. Eggers. 

Fax, Davin H., Assistant Professor of Me- 
chanical Engineering, Johns Hopkins Uni- 
versity, Baltimore, Md. J. T. Thompson, 
Paul Hessemer. 

Fear, ArtHuR J., Instructor in English, 
General Motors Institute, Flint, Mich. C. 
A. Brown, G. R. Cowing. 

Fixen, Victor L., Lecturer, University of 
Minnesota, Minneapolis, Minn. A. S. 


Cutler, Paul Andersen. 
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GuLDEMANN, Eucene G., Head, Engineering 
Dept., Vanport Extension Center, Portland, 
Ore. G. M. Holcomb, F. A. Wanless. 

Harris, W1LL1AM W., Assistant Professor of 
Aeronautical Engineering, University of 
Minnesota, Minneapolis, Minn. B. J. Rob- 
ertson, H. C. T. Eggers. 

Henninc, Knute A., Professor of Archi- 
tecture, North Dakota Agricultural Col- 
lege, Fargo, N. D. H. S. Dixon, R. M. 
Dolve. ae 

Hostep, Ep G., Associate Professor of Me- 
chanical Engineering, North Dakota Agri- 
cultural College, Fargo, N. D. H. S. 
Dixon, R. M. Dolve. 

Hutcuinson, Ropert C., Assistant Profes- 
sor of Mechanical Engineering, Colorado 
A. & M. College, Fort Collins, Colo. J. 
T. Strate, J. H. Scofield. 

JeraBeK, Henry S., Assistant Professor of 
Metallography, University of Minnesota, 
Minneapolis, Minn. F. L. Joseph, W. H. 
Parker. 

Kersten, Mugs S., Assistant Professor of 
Civil Engineering, University of Minnesota, 
Minneapolis, Minn. L. F. Boon, R. C. 
Brinker. 

Lancrorp, THomas R., Teacher of Engi- 
neering, Kilgore Junior College, Kilgore, 
Texas. S. L. Canterbury, F. L. Bishop. 

LARSEN, THORSTEIN, Assistant Professor of 
Electrical Engineer, Johns Hopkins Uni- 
versity, Baltimore, Md. J. T. Thompson, 
Paul Hessemer. 

Laws, Leonarp S., Assistant Professor of 
Mathematics and Mechanics, Univ. of Min- 
nesota, Minneapolis, Minn. W. R. Mc- 
Ewen, H. C. T. Eggers. 

Loye, Epwarp S., Assistant Professor of 
Mathematics and Mechanics, Univ. of Min- 
nesota, Minneapolis, Minn. W. R. Mc- 
Ewen, H. C. T. Eggers. 

McMatu, Hues L., Professor of Architec- 
ture, University of Texas, Austin, Texas. 
W. R. Woolrich, Banks McLaurin. 

Ment, Rosert F., Professor and Head, Dept. 
Metallurgical Engineering, Carnegie Insti- 
tute Tech., Pittsburgh, Pa. F. T. Mavis, 
B. R. Teare. 

Moore, Norman H., Instructor in Civil En- 
gineering, Johns Hopkins University, Bal- 
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timore, Md. J. T. Thompson, Paul Hes- 
semer. 

MUCKENHIRN, Oscar W., Assistant Pro- 
fessor of Electrical Engineering, Univ. of 
Minn., Minneapolis, Minn. P. A. Cart- 
wright, L. C. Caverley. ; 

Pau, Artuur N., Instructor in General En- 
gineering, Purdue University, Lafayette, 
Ind. H. C. Thompson, Justus Rising. 

Prret, Epcar L., Professor of Chemical En- 
gineering, University of Minnesota, Minne- 
apolis, Minn. B. J. Robertson, H. C. T. 
Eggers. 

Potiick, Husert J., Instructor in Engineer- 
ing, Kilgore Junior College, Kilgore, Texas. 
S. L. Canterbury, F. L. Bishop. 

STAYNES, SicwarD A., Instructor in Mathe- 
matics and Mechanics, Univ. of Minnesota, 
Minneapolis, Minn. W. R. McEwen, H. 
C. T. Eggers. 

STEPHENSON, Ricuarp, Assistant Professor 
of Chemical Engineering, Univ. of Minne- 
sota, Minneapolis, Minn. N. H. Ceaglske, 
C. A. Mann. 


NEW MEMBERS 


StopreLt, ARTHUR E., Associate Professor 
Chemical Engineering, Univ. of Minnesot 
Minneapolis, Minn. C. A. Mann, H. 
T. Eggers. 

Van Wye, Rarpu A., Associate Prof 
sor of Coordination, University of Cincij 
nati, Cincinnati, Ohio. H. A. Dangel, 
C. Messinger. 

Vey, Esen, Instructor in Civil Engineering 
Johns Hopkins University, Baltimo 
Md. J. T. Thompson, Paul Hessemer. 


Warren, Buett B., Personnel Director, 


American Cast Iron Pipe Co., P. O. Bat 
2603, Birmingham 2, Ala. C. J. Freuni 
J. J. Uicker. 

Wit.iaMs, Rosert A., Instructor in Chemi 
cal Engineering, University of Louisvil 
Louisville, Ky. G. C. Williams, W. } 
Barnes. 

Yu, Yao P., Associate Professor of Electric 
Engineering, North Dakota Agri. Colleg 
Fargo, N. D. H. S. Dixon, R. M. Doly 


638 new members this year 
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Allegheny Section. The annual 
eeting of this Section was held 
: nt Carnegie Institute of Technology, 
sonnel | Directiti\arch 20-22, 1947, with the Chairman, 
C. J. Freun(fD. F. Miner, presiding. The following 
program was presented: Philosophy, 
ructor in ChemifFacilities and Staff for Graduate Study 
sd n Engineering, J. C. Warner; Oppor- 
’ ““"“‘Htunities and Rewards for Graduate 

Study in Engineering, J. A. Sauer ; Co- 
pperative Industrial Programs for Grad- 
ate Study, A. J. Allen. Post-War En- 
gineering Education—From the In- 
dustrial Viewpoint, H. N. Muller, 
From the Educator’s Viewpoint, E. 
. Williams ; After Veteran Programs, 
hat Next? H.L. Spencer; Veterans 
Problems—From the VA Viewpoint, 


ivil Engineerin 
sity, Baltimo 
aul Hessemer, 


ssor of Electric 
ta Agri. Colleg 
on, R. M. Dol 


his year 


E. E. Brown, Veterans Administration ; 

From the University. Viewpoint, R. P. 

Davis; From the Liberal Arts College 
iewpoint, M. D. Brewer. 








Sections and Branches 


Friday noon the members and friends 
were guests of the Westinghouse Elec- 
tric Corporation at lunch at its East 
Pittsburgh Works. A visit of the plant 
was made after the lunch. The annual 
dinner was held Friday evening in 
Thistle Hall, D. F. Miner, Toastmaster. 
Huber O. Croft, President of the So- 
ciety, spoke on Scientists, Engineers 
and National Policy. Saturday morn- 
ing was given over to committees and 
visits. 

The following officers were elected : 
Chairman: C. E. Bullinger, Pennsyl- 

vania State College. 

Vice Chairman: W. A. Koehler, West 

Virginia University. 

Secretary: J. W. Breneman, Pennsyl- 
vania State College. 

Representative on Council for two 
years: D. F. Miner, Carnegie In- 
stitute of Technology. 


College Notes 


State University of Iowa. The ninth annual Management Course will} 
held in Iowa City June 9 to 17, inclusive. In order to accomplish as muchg 
possible during this period, we plan to meet: from 8:30 a.m. to 5:00 p.m, i 
cluding luncheon meetings, meet all day on Saturday and hold some evenif 
sessions. A printed bulletin describing the course more fully will be availabl 
later in the spring. q 

The course will be held under the direction of Ralph M. Barnes, Professg 
of Industrial Engineering at the University of Iowa, and it will be conducted] 
much the same way as in past years. a 


EXPENSES 

Tuition 
This includes textbooks, reference books, printed forms, and re- 
prints of articles and papers. 

Living Expenses (room only) 

University dormitory facilities will be available for those wanting 
such accommodations. Rates are as follows: 

Eastlawn Dormitory or Hillcrest Dormitory (for men only) 3 
CO A Es eas aed ai on bods peeaonanuen $ 11 
Double room for 9 days (per person) 

One person in double room 

Due to the shortage of living accommodations, most men will be 

assigned two to a double room. All double rooms have twin beds. 


Noon meals June 9, 10, 11, 12, 13, 14, 16, 17 and 

Evening meals June 9, 10, 11, 12, 13 and 16 
Inasmuch as the weekday luncheon meetings are a part of the 
course and since we will have some evening meetings scheduled, 
the University Dining Service will serve these meals. Each 
person enrolled in the course will be charged $20.00 for these 
meals. 


REGISTRATION 
Advance registration for the course is required, enrollment will be limita 
and applications will be accepted in the order of their receipt. Registration afd 
communications concerning the course should be sent to Ralph M. Barnes, 11§ 
Engineering Building, University of Iowa, Towa City, Iowa. mi 
It is expected that those attending will be college or university graduates, @ 
their equivalent, since persons of this general level will benefit most from thé 
course. No certificates or records of previous training will be required 
applicants. 4 





$3 





ai nin Banta Pi ic 





